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SUMMAPRY AND CONCLUSIONS
 

A field experiment was conducted to study methods of reclaiming and
 

managing the coarse-textured saline-sodic soils in the Mosca-Hooper
 

area of the San Luis Valley. The objectives of the experiment were to
 

determine the effects of pre-leaching, amendments, and irrigation on
 

soluble salt and exchangcable sodium removal and on subsequent crop
 

growth at various water table levels. The experimental variables on
 

the 96 plots in the investigation included: 2 water table levels; the
 

application of 0.1 % krilium, I and 4 tons per acre of gypsum, and 0.8
 

and 3.2 tons per acre of calcium chloride; 2 rates of leaching;
 

various rates of surface irrigation; nitrogen fertilizer rates with
 

and without phosphorus fertilizer; and, subsoil tillage. Water table
 

differences were achieved by pumping water from one area to lower the
 

water table level and using the pumped water to raise the water table
 

level in n second area. A water table difference was maintained but
 

the levels in both areas fluctuated considerably from year to year.
 

Crops grown on the plots to test the effects of the various
 

treatments were: barley (1952), sweetclover (1953), potatoes (1954),
 

barley (1955), alfalfa (1956-1960), barley (1961-1962), and oats
 

(1963-1964).
 

Removal and Control of Soluble Salts and Exchangeable Sodium
 

In the low water table or pump-drained area where the water table
 

was maintained below 5 feet, theapplication of either 4 tons per acre
 

of gypsum or 3.2 tons per acre of calcium chloride combined with 30
 



acre-inches per acre of pre-crop leaching water plus additional
 

irrigation with high calcium-magnesium water reduced salts and
 

exchangeable sodium to non-saline and non-sodic levels to a 3-foot
 

depth during the first cropping season. Raising the water table level,
 

smaller rates of amendments, or lower leaching rates retarded salt and
 

sodium removal. Complete reclamation was achieved with Lhehigh calcium

magnesium groundwater used for irrigation but it required a longer
 

period of time.
 

Salts and sodium reaccumulated rapidly in the soil surface
 

whenever the water table raised to 3 feet or higher in the high water
 

table area. These reaccumulated salts and sodium were reduced again by
 

irrigation when the water table level lowered.
 

Crop Yields on the Soils
 

At water table levels lower than 4'2 feet during the early stages
 

of reclamation, crop yields were undesirably low even though the salt
 
were
 

and exchangeable sodium contents of the soil root zone/substantially
 

reduced. Good stands of sweet clover and alfalfa were not obtained
 

unless an excessive number of irrigations were applied at water table
 

levels of 4 feet or below. Dispersion and compaction of the soil
 

resulting in shallow rooting depths apparently caused the low yields.
 

Raising the water table level to 3 feet or higher during the
 

cropping season resulted in increased crop yields and a greater
 

response to amendment treatments. The fluctuating water supplies in
 

the area made maintaining a high water table during the cropping
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season difficult to achieve, however.
 

Economically justifiable grain yields were obtained at water table
 

levels lower than 4 1/2 feet after alfalfa was included in the rotation.
 

Early planting of the grain crop, adequate fertilizer applications, and
 

timely irrigations were necessary to achieve good yields under the
 

lower water table conditions in the coarse-textured soils of low water

holding capacity.
 

Recommendations for Reclaiming the Coarse-Textured Saline-Sodic Soils
 

To obtain efficient removal of salt and exchangeable sodium from
 

the soil root zone the water table should not be raised appreciably
 

higher than 4 feet while leaching water is being applied. Water table
 

control should be established if the water table is continuously above
 

4 feet. Pumping of groundwater to control the water table level and
 

to supplement surface irrigation water supplies appears to be the most
 

feasible procedure. Applying leaching and irrigation water with a
 

sprinkler system to improve water application efficiency and timing of
 

irrigation would increase the water-use efficiency in reclaiming and
 

cropping the soils.
 

The amount of leaching water to be applied before establishing a
 

crop should be determined not only on the basis of the salt to be
 

removed but also on the basis of the exchangeable sodium to be removed
 

from the top foot of soil to reduce the percentage to 10 or below.
 

Exchangeable sodium removal is generally the governing factor. The
 

amount of leaching to remove sodium will depend on the possible natural
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gypsum content of the soil, the calcium and magnesium ill the Jea'hing 

water, or the amount of added commercial amendment which needs to be
 

dissolved by the leaching water. 
These are best established by chemical
 

tests of 
the leaching water used and of soil samples taken preferably
 

from surface and sub-surface depths.
 

If flood irrigation is used after applying leaching treatments,
 

the water table should be maintained at a 3 to 4 feet depth, if pos

sible, to obtain a reasonably satisfactory crop stand and yield. Any
 

salt or sodium reaccumulaton during the cropping season can be con

trolled by pre-season or post-season leaching. Overdrainage during the
 

cropping season, especially during the early reclamation stage, should
 

be avoided. Excessive lowering of the water table below 4 feet will
 

generally result in difficulties in establishing crop stands, 
unecon

omically low crop yields, and inefficient surface irrigation.
 

An early incorporation of alfalfa into 
the crop rotation is
 

strongly recommended. After it is once established, the deep-roote"
 

alfalfa will yield well inder relatively low water table conditions
 

which will facilitate the completion of reclamation. Alfalfa will
 

contribute to an increased organic matter build-up and bring about an
 

impriennt in the physical condition of the soil.
 

INTRODUCTION
 

Excessive accumulations of soluble salts and adsorbed sodium in
 

the surface soils is a major problem in the San Luis Valley, especially
 

in the eastern and northern sections. Several factors contribute to
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these excessive salt and sodium accumulations. First, the climate is
 

arid. It is characterized by a low annual rainfall of 6-8 inches,
 

spread thinly throughout the year, and by rapid evaporation conditions.
 

Evaporation of salt-bearing water from the surface concentrates and
 

deposits the salts near 
the soil surface because the rainfall is
 

insufficient to effectively leach the salts into the subsoil.
 

The low precipitation and high evaporation condition is aggravated
 

by a high groundwater table. The topography and irrigation practices
 

of the valley have resulted in a high water table and increasing salt
 

and sodium accumulations. The area north of the Rio Grande is a
 

"closed basin" (Powell, 1958). It has no natural drainage outlet and
 

little or no irrigation water flowing into the area or diverted to
 

the north side of the Rio Grande returns to the river. Most of the
 

water diverted from the Rio Grande is used in the western part of the
 

valley which is highly developed agricultura.ly. Some of the diverted
 

water is transported via open canals to the eastern part of the valley
 

for a limited amount of surface irrigation. The coarse-textured soils
 

are underlain by impervious clay layers at various depths in the soil.
 

These impervious layers have caused a shallow groundwater table to
 

develop over the years of increased irrigated farming.
 

The valley floor, in general, slopes eastward about 6 feet per
 

mile with a low-lying or "sump" area existing around the San Luis Lakes.
 

Groundwater in the highly pervious gravelly subsoil moves toward the
 

sump area carrying dissolved salts concentrated by evaporation and pro

bably dissolved from che old lake bed salt deposits in the subsoil.
 

http:agricultura.ly
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It is the general practice to "sub-irrigate" or keep the water
 

table at approximately 2 or 3 feet from the soil surface whenever the
 

diverted river water supply is favorable. Keeping the water table high
 

is accomplished by applying an excess of surface irrigation or by
 

running diverted water into a series of open ditches with check-dams
 

placed at intervals. The water in the "sub-ditches" spreads laterally
 

through the porous sub-soil to raise the water table.
 

During periods of river water shortages the sub-irrigation is
 

supplemented by pumping the groundwater for surface irrigation.
 

A periodic fluctuation in the water supply, with consequent periodic
 

fluctuations in the groundwater table, has made it necessary to apply
 

surface irrigation often enough to prevent extensive detrimental salt
 

or sodium accumulations in the western part of the valley. Pump
 

irrigation is not as highly developed in the eastern section. A 1,ss
 

porous subsoil which makes pumping less efficient and more expensive
 

and a somewhat more saline groundwater has retarded this development.
 

The supply of wat-r diverted from the Rio Grande that reaches the
 

eastern section usually is not sufficient to last throughout the
 

cropping season. In many years the water supplied by dicches does not
 

last beyond the month of June. This water contributes to maintaining
 

a relatively high water table and increasing salinity problems but is
 

insufficient to maintain a stable farming economy.
 

The reclamation of saline and sodic soils usually involves (1)
 

lowering the water table when it occurs within the crop root zone
 

since it is one of the main causes of excessive salt and sodium
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accumulations, (2) when the soil does not contain natural gypsum
 

applying an amendment to supply calcium to effect the removal of
 

excess adsorbed sodium, and (3) removing excess soluble salts from the
 

crop root zone by leaching or flushing them downward with irrigation
 

water of a suitable quality.
 

A study of the feasibility of reclaiming and managing the typical
 

coarse-textured saline-sodic soils of the Mosca-Hooper area was initiated
 

in 1951 and was continued through 1964. This report deals with the
 

effects of water table levels; amendment and leaching applications;
 

irrigation and irrigation rates; and fertilizers and fertilizer rates
 

on soil reclamation and the yield of crops.
 

DESCRIPTION OF EXPERIMENTS
 

Objectives
 

When the feasibility investigation of reclaiming the saline-sodic
 

soils in the eastern part of the valley began in 1951, the following
 

objectives were outlined:
 

1. 	To determine the optimum water table level or levels for
 

efficient reclamation, surface irrigation, and crop growth.
 

2. 	To study the effects of leaching, soil amendments, and surface
 

irrigation as methods for removing and controlling salinity
 

and exchangeable sodium.
 

3. 	To determine the effects of irrigating with water from the
 

shallow groundwater acquifer on soil salinity, exchangeable
 

sodium, and plant growth.
 



4. 	 To dete rtine crop managemce1nt practIices wh icl ciAlli il i - I 

ilcreased crop produc.ion while controlling excessi.v, sail:; 

and sodiun. 

Experimental Site and Soil Characteristics
 

An 80-acre tract belonging to the Mosca-Hoopur Soil Conservatiio. 

District was chosen for field studies. The land is locatLed i 3/4 ,liles 

north and 1 3/4 miles east of Mosca (N,, SEk, SEI, Sec. 26, T40 N, 

RI0 E, New Mexico Principal Meridian). The soil aL the vxperimential 

site is lacustrine in origin and is quite rupre-sentative, of about 

30,000 acres of land in the area. 

The soil texture ranges from a sandy loam Lo a gravelly to-imy sand 

in the surface and ranges from a sandy cl:ty loam tO at griavelly loamy 

sand in tl-e subsurlace . As ;in avcraige, the sIurfLLce' 18 ilnlI;e., il tile 

plot areas contained about 20X gravel, 68% sand, 8% silt, and 4% clay. 

Considerable variability in texture was found below 18 inches in LiV 

plot areas. 

The average initial salt and exchangeable sodium sLatus o1 the so] I 

is shown in Table 1. 

Table 1. Average so)uble salt and exchangeable sodium in th. soil,1951. 

Soil Depth Soluble Salts Exchangeable Sodium 

in. mmhos/cm. % 

0 -	 7 J7.3 32 

7 - 18 5.3 22
 

18 - 33 2.4 12
 



The greatest concentration of salts and exchangeable sodium
 

occurred in the surface and decreased with depth. The soil contained
 

trace to considerable amounts of natural soil gypsum in the soil
 

surface. Gypsum analyses were not made for all plots so the true
 

extent of the soil gypsum cannot be evaluated. Little or no natural
 

gypsum was found below 7 inches.
 

Soil Sampling and Analytical Methods
 

Soil samples were taken from each plot in the experiment in 1951
 

prior to any reclamation treatment. A complete sampling was again made
 

in 1954. Soil samples were taken only on a few selected plots in other
 

years. The samples were generally taken in the fall after the crop
 

had been removed. The soil sampling procedure consisted of compositing
 

4 borings from each plot at the 0-7, 7-18, and 18-33-inch depths.
 

The analytical methods used to determine soluble salts,
 

exchangeable sodium and other soil properties were those described by
 

Richards (1954). Soluble salt values for the soil samples are given in
 

Appendix Tables la-ld. Exchangeable sodium percentages are summarized
 

in Appendix Tables 2a-2d.
 

Experimental Variables
 

Water table levels
 

A comparison of two groundwater table levels was incorporated
 

into the experimental plan (Appendix Figure 1). The water table was
 

lowered in one area, containing 48, 20 by 20-foot "drained plots", by
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pumping continuously during the cropping season from a well 
located
 

centrally in the area. 
The water from the drained plot area was
 

piped to a second area, approximately 500 feet distant, which also
 

contained 48 plots. 
The well water was piped into an open sub-irrigation
 

ditch completely surrounding the plot area. 
Thus raising the water
 

table in the "subbed plots".
 

This system excercised some, but not complete control over the
 

water table levels in the two plot areas. It initially was intended 
to
 

keep the water table level 
at about 2 feet in the subbed area and
 

below 4 feet in the drained area. An approximate 2-foot water table
 

level in the subbed area was achieved only in 
1952, 1953, late in the
 

1957 season, and early in the 
1958 season. In other years lower snow
 

packs in the mountains resulted in less water delivery and a general
 

water table drop over the whole area. Thus Lhe dusirud water table
 

level could not be maintained in the subbed area and was 
far lower in
 

the drained area than was anticipated. A difference of 3-5 feet
 

between the two areas was maintained as long as the continuous pumping

sub-irrigation operation was carried out.
 

Continuous pumping during the cropping season was discontinued in 

1959. A small difference in water table levels still occurred because 

the well was used for irrigating both areas as well as other experimenta] 

plots added in the vicinity. The water table levels for the years of
 

experimentation are given in Appendix Table 3. These are shown for
 

May 5 and October I dates to show the trend for the year in addition 

to a yean ly average calculated from weekly readings between these dates. 
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Amendments and soil conditioner
 

Amendment materials and a soil conditioner were applied on 4
 

area in the spring of 1952.
replicate plots in each water table level 


The amendment variables were : gypsum at the rate of 1 and 4 tons per
 

acre and calcium chloride (CaCl2 ) at the rates of 0.8 and 3.2 tons per
 

acre (calcium content equivalent to that in the gypsum). The soil
 

conditioner, krilium, was applied at 1000 pounds per acre (0.1% in the
 

No further amendment or conditioner
first 3 inches of surface soil). 


applications were made during the years of experimentation. The high
 

gypsum application rate was applied on plots which contained natural
 

soil gypsum in so far as possible.
 

Leaching rates
 

The experimental variables included two pre-leaching rates - 12
 

iro-n the well in the drained area
and 30 acre-inches per acre. Water 


was used for leaching. The leaching water was applied by intermittent
 

ponding on the diked 20 by 20-foot plots (after the amendments were
 

applied and worked into the soil).
 

1954 before the crop was planted, an additional
In the spring of 


9 acre-inches of leaching water were applied on the plots which
 

originally received 12 acre-inches.
 

Surface irrigation and water quality
 

Surface irrigation was applied uniformly on all plots in 1952-53

54, except that the amount was less in the subbed area. Irrigation
 

variables, applied as such, were included in most years after 1954.
 

The amount and number of surface irrigation applications for the years
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of experimentation are summarized in Appendix Table 5. These are shown
 

for crop irrigation and for post-harvest irrigation. Some years it was
 

necessary to irrigate before planting the crop to increase surface
 

moisture for germination. Pre-planting irrigation was considered as
 

a part of crop irrigation. Post-harvest irrigation was necessary to
 

establish sweetclover and alfal-a stands after barley was harvested and
 

to maintain establishcd alfalfa stands. A late October irrigation was
 

effective for preventing winter-kill of the alfalfa.
 

The well water was considered to be of fair quality for leaching
 

and irrigation. The salt content in the water was fairly high con

taining approximately 1 ton per acre-foot of dissolved solids (Appendix
 

Table 4). The equivalent calcium plus magnesium to sodium ratio was
 

3 to I with a sodium adsorption ratio of about 2. According to the
 

U. S. Salinity Laboratory water standards the water was considered to
 

have a low sodium hazard to the soil. Also, water was found to be
 

excellent for replacing adsorbed sodium in the soil because the
 

calcium content alone in an acre-foot of water was equivalent to the
 

calcium in approximately 1350 pounds of chemically pure gypsum. Little
 

change in the ion content of the water occurred during the years of
 

the investigation.
 

Fertilizers and fertilizer rates
 

A uniform application of fertilizer or fertilizers was made on all
 

plots in most years. A fertility trial with barley was conducted in
 

1962. A history of the fertilizer applications is shown in Appendix
 

Table 6.
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Subsoil tillage
 

One-half of each plot area was chiseled in the fall of 1962. The
 

soil was cross-chiseled with a 15-inch spacing between shanks to a
 

depth of 30 inches.
 

Crops grown
 

The crops grown to test the effect of various treatments were as
 

follows: 1952, barley planted with sweetclover; 1953, sweetclover;
 

1954, potatoes; 1955, barley planted with alfalfa; 1956 through 1960,
 

alfalfa; 1961 and 1962, barley; and, 1963 and 1964, oats. Summaries
 

of the yield results for the various treatments are given in Appendix
 

Tables 7-19.
 

Experimental design
 

The experimental design (Appendix Figure 1) was a randomized block
 

with the leaching and amendment treatments replicated 4 times in each
 

of the two areas. When surface irrigation and fertilizer variables
 

were applied, the data were analyzed as a split-plot design.
 

Statistical analyses of cropping data comparing yields in the
 

drained plot area with the yields in the subbed plot area were not
 

possible most of the years !'ecause the difference in error variance
 

terms between the two areas was too great (as calculated by the chi

square test for homogeneity, Cochran and Cox, 1953).
 

EXPERIMENTAL RESULTS
 

Reclamation of the Soil
 

Effects of lea:hing, irrigation, and water table levels on soluble salt
 



and exchangeable sodium levels, 1951-1954
 

Soil samples were not taken immediately after the comple io ol 

leaching treatments and none were taken from the 12 acre-inch pr acre,
 

(A-in./A.) leached plots in 1952. Thus the effects of the variably 

leaching rates on soluble salt and exchangeable sodium removal cannot
 

be completely evaluated.
 

The combined effects of leaching and irrigation on thv soluble
 

salt (as measured by the electrical conductivity ol the saturated 

soil extract) levels of plots leached with 30 A.-in./A. ol water in Whe
 

drained and subbed areas are shown in Figure 1. These salt. lev ls arr 

averages including all amendment plots sampled for the particular year.
 

The amounts of irrigation and average seasonal water table depths
 

shown at the bottom of the figure are prevsnted to show tie ove rali
 

relationship between water Lable levelis and irrigationo" 1;1) remwoval 

or reaccumulation. The 3M A-in./A. leaching reaLment, applied in the
 

spring of 1952 when the water table was at about a 5-OOL deptlh, pl:e 

the approximate 2 A-ft./A. of surface irrigatjn water applied on the 

barley-sweetclover crops were quite .ffecti ev in rediuci ng the salt 

levels in both areas. 

The salt reaccumulated considerably in tlh sirlace Jayer ol tliv 

subbed area in 1953 where the water table level averaged 2.7 feet wliile 

cropping with sweetclover. A further reductiun in tlle salt level o)l 

the drained area soil surface depth occurred where tht, water tabI. 

depth averaged 5.4 feet.,
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Year-- 1951 1952 1953 1954 
Drained Subbed Drained Subbed Drained Subbed 

Irrigation (A.-in./A.) 24 21 21 I 8 45 42 
Water Table (ft.) 5.7 2.1 5.4 2.7 8.0 4.6 

Yearly Total Amount of Irrigation and Average Seasonal Water Table Depths 
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Row cropping the areas with potatoes in 1954 rcsuli(,d in an 

increase of salts in potato row of the drained area whercas -are-duction 

occurred in the subbed area. The potatoes were furrow-irrigatcd 15 

and 14 times in the drained and subbed areas under water table ].ve:Is 

considerably lower than the previous years. The salt levels at all 

soil depths were comparable in the two areas at the end of the 

1954 season. 

At the end of the 1954 season when soil samples from all plots were
 

taken, no significant difference was found between the average
 

electrical conductivity of the plots leached with 12+9 A-in./A. (2.78
 

mmhos/cm.) and with 30 A.-in./A. (2.84 mmhos/cm.) in the drained area
 

( Appendix Table ld). In the subbed area the average electrical 

conductivity of the 12+9 A-in./A. leached plots (3.05 mmhos/cm.) was
 

significantly lower statiscica'iv than the 30 A.-in./A. ].ched plots 

(3.52 mmhos/cm.). The additional 9 A.-in./A. of water added on the
 

original 12 A.-in./A. treatment in the spring of 1954 accounts for the
 

lower average conductivity in the subbed area. However, the total
 

amount of water added from leaching and irrigation was about the same
 

for each pre-leaching treatment in each area at the end of the 1954
 

season. Therefore, the pre-leaching variable, in effect, had been
 

cancelled.
 

The variation in the average exchangeable sodium percentage for
 

the 30 A.-in./A. leached plots under varying water tables from 1951
 

through 1954 are shown in Figure 2. The initial exchangeable sodium
 

levels in 1951 were higher at all soil depths in the drained area than
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in the subbed area. Substantial exchangeable sodium reductions were
 

obtained through a depth of 18 inches in the dained area in 1952,
 

whereas a large reduction occurred only in the 0-7 inch depth of 
the
 

subbed area. Exchangeable sodium reaccumulated in the subbed area in
 

1953 with the water table level averaging 2.7 feet but was reduced
 

under the lower water table level in 1954.
 

Effects of amendments and leaching with high calcium-magnesium content
 

groundwater on exchangeable sodium levels, 1951-1954
 

The exchangeable sodium percentages in the 3 soil depths sampled
 

are shown in Figure 3. The total initial exchangeable sodium in the
 

0-33 inch soil depth and the losses or gains by years for the amendment
 

and leaching treatments are shown in Table 2.
 

In general, the total amount and percentages of exchangeable
 

sodium were higher initially and were more variable for a particular
 

amendment treatment in the drained area than in the subbed area.
 

Differences in the effects of the amendment treatments for removing
 

exchangeable sodium cannot be completely evaluated because of 
the
 

differences in initial exchangeable sodium between plots, because some
 

plots contained considerable natural soil gypsum in the surface layer,
 

and because the water used for leaching and irrigation contained
 

considerable amounts of calcium and magnesium which were replacing
 

sodium simultaneously with the calcium of the amendments.
 

As shown in Figure 3, the exchangeable sodium percentages in the
 

drained area plots which received the 4 T./A. gypsum and 3.2 T./A.
 

calcium chloride applications were reduced to very low levels by the
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Table 2. Exchangeable sodium losses and gains in the 0-33 inch depths of the drained and subbed areas,
 

1951-1954.
 

TOTAL EXCHANGEABLE SODIUM IN THE 0-33 INCH DEPTH
 
Drained Area 
 Subbed Area
 

2/ Gain(+) Gain(+) or 
Initial Loss(-) / Loss(-) Initial or Loss(-) Loss(-)
Amendment Leach 1951 1953 1954 1953 1954 1951 1953 
 1954 1953 ]954


A.-in./A. Lb.-Eq./A. % Lb.-Eq./A. %
 

None 12+9" 189 -67 -123 -36 -65 151 +20 -71 
 +13 -47
 
30 251 -92 -150 -37 -60 155 +45 
 -39 -4-29 -25
 

Krilium - 0.1% 12+9 164 
 -92 -56 149 -32 
 -32 
30 206 -8 -133 -44-1 -65 125 +58-1 -25 +69-l -25 

I T./A. Gypsum 12+9 193 -52 
 -125 -27 -65 156 +25 -70 +16 -45
 
30 214 -69 -145 -32 -68 160 +41 -55 +26 -34
 

4 T./A. Gypsum 12+9 
 182 -69 -133 -38 -73 146 +29 -92 +20 -63
 
30 199 -116 -154 -58 -77 158 +4 -87 +2 -55
 

0.8 T./A. Calcium Chloride 12+9 158 -72 
 -46 182 -70 
 -38
 
30 143 -86 -60 129 
 -47 -37
 

3.2 T./A. Calcium Chloride 12+9 185 -122 
 -66 191 -88 -46 
30 177 -155 I / -120 -76 / -68 139 -32!1 -59 -2221 -42 

Average 188 
 -121 -64 153 
 -61 -40
 

1/ Analyses of 1 plot only. 
2/ Loss or gain compared with the initial amount.
 
*Additional 9 A.-in./A. added in the spring of 1954.
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end of the first cropping season in 1952 with the 30 A.-in./A. initial
 

leaching rate. At the end of 
the second cropping season the exchangeable
 

sodium was less than 15% through a depth of 33 inches. These high
 

rate amendment applications, especially the calcium chloride, also were
 

effective in reducing the exchangeable sodium levels of the soil surface
 

layers in the subbed area during the first cropping year.
 

The krilium treatment appeared to reduce the exchangeable sodium
 

almost as rapidly as the gypsum and calcium chloride treatments.
 

However, the rapid reduction was related mainly to the occurrence of
 

natural soil gypsum in the single krilium plot which was analyzed for
 

exchangeable sodium in the drained area in 1952 and 1953. 
Also, natural
 

soil gypsum probably accounted for most of the reduction which occurred
 

in the krilium plot in the subbed area.
 

Where no amendment was applied or no natural gypsum occurred,
 

exchangeable sodium removal was dependent mainly on the calcium and
 

magnesium applied in the water and, as shown in Figure 3, the loss was
 

achieved at a much slower rate. 
 At the end of the 1954 season the
 

exchangeable sodium levels of the plots which received no amendment
 

were only slightly higher than those which received amendments.
 

About 158 pound-equivalents (lb.-eq.) of calcium and magnesium
 

(about 2700 pounds) had been applied to the soil in the drained area in
 

the 10 A.-ft./A. of leaching and irrigation water by 1954 as compared
 

with about 93 lb.-eq. (about 1860 pounds) of calcium supplied by the high
 

rate application of gypsum and calcium chloride. 
The apparent efficiency
 

of removal of sodium from the 0-33 inch depth of drained area by the
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calcium and magnesium in the water ranged from 78-95%. 
In the subbed
 

are 
the efficiency of removal, Comparatively, was considerably lower,
 

ranging from 18-33%. 
As an average of all treatments, only about one

half as much exchangeable sodium was removed from the 0-33 inch depth
 

of the subbed plots 
as was removed in the drained area.
 

Effects of water 
table levels on 
soluble salt and exchangeable sodium
 

levels, 1955-1964
 

The average soluble salt and exchangeable sodium levels of the
 

plots from 1955-1964 are shown in Figures 4 and 5. 
The averages include
 

all individual plots sampled each year. 
After 1954 variability in
 

salt or exchangeable sodium showed 
no relation with the original
 

leaching or amendment treatments. The variability was more 
related to
 

water table fluctuations and applied irrigation water. 
 The water table
 

levels by years are shown at the bo.toris of Figures 4 and 5 to show 

the increase or reduction of soluble salts and exchangeable sodium as
 

the water table raised or lowered.
 

In the drained area the soluble salt levels remained at a level
 

close to the conductivity of the irrigation water with little or no
 

changes occurring in the three depths sampled with water tables averaging
 

4.6 to 
10.0 leet over the 9-year period. 
 The soluble salts reaccumulated
 

rapidly when the water 
table raised to about 
a 3-foot level in the
 

subbed area in 1957 and 1958. 
 With water tables averaging 4.2 to 5.7
 

feet in this area after 1958 the soluble salt levels again approached
 

those in the drained area.
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The exchangeable sodium percentages reached an apparent
 

equilibrium of about 5% in the 0-18 inch depth of the drained area and
 

maintained this level until the experiment was discontinued. The
 

exchangeable sodium, as well as the soluble salts, reaccumulated
 

rapidly in the subbed area when the water table level raised to about
 

3 feet in 1957 and 1958. With the drop in water table after 1958,
 

the exchangeable sodium decreased in the 0-18 inch depths but it
was
 

still undesirably high in the 18-33 inch depth in 1964.
 

Crop Yields
 

In the final analysis the effectiveness and practicality of soil
 

reclamation or other trcatmentc must he evaluated in terms of the
 

benefit in increasing crop yields. Also, the economic feasibility of a
 

particular treatment must be considered before it is adopted.
 

Evaluating the effectiveness of a treatment in terms of crop
 

yields is usually difficult unless the factor for which the treatment
 

was intended to correct is limiting crop production. When dealing with
 

saline-sodic soil reclamation, a complex of limiting factors are
 

involved which may include the effects of salts, the effects of sodium,
 

and the poor soil physical condition which usuall) iccompanies high
 

sodium conditions. Salt and sodium reduction can be measured chemically
 

but the physical condition of the soil as an environment for plant
 

roots is sometimes impossible to measure and at best, is determined
 

only under carefully controlled conditions.
 



27 

Effects of leaching rates on crop yields
 

According to Bernstein et al. (1955) passing 12 acre-inches of water
 

through a 1-foot depth of soil will reduce the soluble salt, content in
 

the 1-foot depth by about 80%. Thus, the average soluble salt levels in
 

the surface foot-depth of soil was probably less than 4 millimohs/cm.
 

after leaching with either 12 or 30 acre-inches per acre of water. At
 

this level soil salts were unlikely to have been detrimental to the
 

initial crop of barley planted with sweetclover. Any difference in the
 

barley yields could most likely be attributed to the ditLerence in
 

exchangeable sodium removal betwc1 .n the two leaching rates because both
 

barley and sweetclovcr are very salt tolerant. Not enough soil sample
 

analyses were made in the early reclamation stages to determine these
 

relationships more precisely.
 

The effects of the 12 and 10-I.r.-inch leaching raLe. on the 1952 

barley grain yields are shown in Figure 6. The average barley yield in
 

the drained area was higher by 3 bushels per acre wherV- chc 30-acre

inch leaching rate was applied, whereas, no Increase was obtained in
 

the subbed area. The leaching rates had mor' effect on the sweetclover
 

stands in the subbed area and subsequent sweetclovei hay yields in
 

1953 (Figure 7). An increased yield of about 0.3 ton per acre was
 

obtained on plots leached with 30-acre-inches. It is not clear whether
 

the yield difference was due to the stand difference or soil factors.
 

No yield difference was obtained in the drained area where the
 

sweetclover stands were more nearly the same.
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Figure 6. 	The effect of the initial pre-leaching rates on the 1952
 
barley grain yields under water table levels averaging 5.7
 
(Drained) and 2.1 (Subbed) feet.
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The 	 effects of the 12 plus 9 acre-inches of leaching water (applied 

in the spring of 1954) 
are 	compared with the 30-acre-inch rate for
 

potatoes grown in 1954 in Figure 8. 
A statistically significant
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on the 194 potatL vield. ndr Water table levels aver;h u~ 
8.0 	 (Drained) and 4.0 (Subbed) feet. 

increase of 24 sacks per acre was found 
[or the 30-acre-inch treatment
 

in the subbed area but no significant difference in the dr.aiued 
area.
 

The extra leaching applied early in 1954 had no 
apparent benefit for
 

the potato crop.
 

By the end of the 1954 season approximately the same amount of
 

leaching water had been added on 
the two original leaching treatments
 

and 3-4 times more water was applied for irrigation as for the
 

leaching treatments. Thus, little or 
no difference in the yields of
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subsequent crops after 1954 due to the pre-leaching rates was expected.
 

Effects of amendments on crop yields
 

Amendments are applied to furnish a source of soluble calcium to
 

replace excessive adsorbed sodium. The detrimental effects of adsorbed
 

or exchangeable sodium on plant growth are: (1) deterioration of the
 

soil structure which results in a poor medium for plant growth; (2) the
 

possible direct toxicity of the sodium to the plant, and; (3) high
 

soil reactions (pH) which often bring about nutritional imbalances in
 

the plant. As long as excessive salts occur with excessive exchangeable
 

sodium the soil clay remains flocculated and in a favorable physical
 

condition. If the salts are Leached out, the soil becomes dispersed
 

and cloddy
 

The deterioration 01 hW phvsical condition of saline-sodic soils
 

usually occursduring the ltachink' process because the salts are 

removed much faster than the sodium. This was especially true of the 

highly water permeable coarse-textured soils tinder investigation. 

Although the exchangeable sodium was reduced to a non-sodic level, the 

soil surface became hard and brick-like during the early stages of 

reclamation if the soil became dry. The soil is low in organic matter, 

generally less than 0.2% and the clay-type consirts mainly of mica
 

(illite). The low organic matter, the non-swelling clay type, plus
 

the high sand content of the soil contribute to rapid packing which
 

apparently resulted in a poor medium for plant growth.
 

The effects of the amendment applications on the 1952 barley
 

grain yields are shown in Figure 9. Barley grain yields were
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Figure 9. 	 The effect of amendmnts on barley grain yic Ids tnder watr tablt, 
levels averaging 5. 7 (Dr.,Hlned) nd 2. 1 (Subbd) feet. 

significantly increased by the amendment applicatjoios aid krl I Ium only 

under high 	water table conditions in the subbed area. The higher rate
 

of the amendments did not significantly increase grain yields over
 

the lower rate.
 

The effects of amendments on the 1953 sweetclover hay yields are
 

shown in Figure 10. The amendments did not produce a significant yield
 

increase in either the drained or subbed area. 
A trend for a higher
 

yield with 	the high rate applications of gypsum and calcium chloride in
 

the drained area is indicated. This might be related to the somewhat
 

better sweetclover stands obtained from these treatments.
 

The amendment effects on the 1954 potato yields are shown in Figure
 

11. A significant yield increase was again produced by the amendments
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in the subbed area, except for the 1 ton per acre gypsum rate. Tite
 

potato yields tended to decrease with increasing exchangeable sodium
 

percentages remaining in the 7-18 inch depth at the end of the 1953
 

season (Appendix Tables 2a-c). No significant yield increase from
 

the amendments was obtained in the drained area in 1954.
 

Figure 12 shows the effects of amendn.nts on the 1956 alfalfa hay
 

yields. In both the drained and subbed areas plots on which the high
 

rates of gypsum and calcium chloride and the krilium were applied
 

produc.d significantly higher yields than on those plots where 
no
 

amendment or the low rates were applied.
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Figure 12. 	 The effe(ts of amendmvnts on the 1956 alfalfa hay yields under 

water table Itvels avraglug 9.8 (Drained) and 5.2 (Subbed) 

feet. 
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The exchangeable sodium and salts were at a low level with little
 

difference between any plots at the end of the 1956 season. Alfalfa 

usually develops increasing salt ard sodium tolerance with age. No 

difference in alfalfa hay yields between any of the amendment
 

treatments was found during the other years that alfalfa was grown,
 

1957 through 1960.
 

A summary of the grain yields obtained on the amendment plots from 

1961 through 1963 is shown in Table 3. Although not significant 

statistically, the applicaLion of amendments appears to have some 

residual effect in increasing grain yields especially in the former 

"drained" area when the highest water table conditions existed. 

As the water table dropped from 1962 to 1963 th effect of increased 

yields from thc amendment,; ippears to be decreased somewhat. 

Table 3. Summary of average grain vields on plots which received amend

meits (1952 only) after discontinuing pumping, 1961-1963. 

1961-Barley 1962-Barley 1963-Oats 

Amendment Drai ed Subbed Drained Subbed Drained Subbed 

Bu./A. Bu./A. Bu./A. 

None 44 64 58 75 94 121 

Krilitum - 0.17o 59 75 78 83 ill 121 

(ypsum - 1 T./A. 52 71 64 82 98 123 

Gypsum - 4 T./A. 55 78 74 78 101 131 

CaC1 2 - 0.8 T./A. 50 71 65 76 100 130 

CaCI 2 - 3.2 T./A. 49 76 74 79 105 130 

Average Water Table
 

Level-Ft. 4.7 4.5 4.6 4.2 5.5 5.2
 



35
 

Effects of water table levels and irrigation on cropyicids
 

A high water table can have a beneficial effect on crop growth by
 

increasing the available supply of water in the plant root zone
 

especially with coarse-textured soils of low water-holding capacity.
 

Nitrate-nitrogen and possibly other nutrient elements in the groundwater
 

may also produce a beneficial effect on crop growth. Boron in the
 

water and in the soil can have a detrimental effect on crop growth
 

especially if boron is allowed to accumulate in the soil.
 

The nitrate content of the well water (Appendix Table 4), although
 

a fairly low value of about 6-7 parts per million may have contributed
 

to increased yields under high water table conditions. The boron
 

content of the water was low enough so that there should have been no
 

toxic effects on any of the crops grown.
 

An unbiased direct comparison of the effects of the water table
 

levels on crop yields is not possible for all years because the crops
 

did not receive the same number of irrigations several of the cropping
 

years and also because of soil texture variation. Further, water table
 

levels were not replicated treatments and it was found that the effects
 

of water tables on crop yields could not be statistically analyzed a
 

majority of the years. After 1955, tensiometers were used as general
 

guides for timing the application of irrigations with the objectives of
 

irrigating as efficiently as possible. In general, a less frequent
 

need for irrigation was indicated by the tensiometers in the subbed
 

area even after pumping was disconti.)ued and the water table levels
 

were approximately the same in each area. The reason for this less
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frequent need was apparently due to a generally finer-textured sub-soil
 

with a higher clay and silt content in parts of the subbed area. 
 This
 

finer-textured sub-soil apparently had a greater water holding capacity
 

and a greater capillary conductivity than the generally coarser

textured drained area sub-soil.
 

Table 4 is 
a summary of the average crop yields obtained in the two
 

areas under varying water table levels and with varying amounts of
 

irrigation for the 13-year cropping period.
 

The subbed area produced consistently higher average yields
 

(average of all treatments including irrigations which were not equal
 

in all cases) of the shallower-rooted crops, barley, potatoes and oats,
 

except in 1959, 1960, and 1964. 
 Vot the most part these higher yields 

can be attributed directly to rairtlaining a higher water table level. 

The yield 
increase for barley. while the water table difference was
 

maintained, ranged from 30 bushels per acre in 1952 to 6 bushels per 

acre in 195',, Potato yields were sacks per(1954) 78 acre greater 

under the higher water table level.
 

With the deeper-rooted crops sweetclover alfalfaand the water 

table level was the nost important factor in increasing yields while 

the crop was being established and roots developing. The 1953 average 

sweetclover hay yield on the subbed area was 
I ton per acre higher than 

the However, ofdrained area. part this difference can be attributed 

to thu stand differences obtained in 1952 (Figures 7 and 10). 
 The 1956 

average alfalfa hay yield on the subbed area was 1.1 tons per acre 

greater than on the drained area. Comparing low irrigation rates for 



Table 	4. 
Summary of crop yield averages obtained with surface irrigation and irrigation rates
 
in areas varying in water table depths.
 

DRAINED AREA 	 SUBBED AREA 
Avg. Avg.
 
Water Amount Avg. Irri- Avg. Water Amount Avg. Irri- Avg.
 
Table and No. of gation Rate Area Table and No. of gation Rate Area
 

Year Crop Level Irrigations Yield Yield Level Irrigations Yield Yield 
ft. Low High Low High ft. Low High Low High 

A.-in./A. A.-in./A. 

1952 Barley 5.7 20(7) 14Bu/A 2.1 17(6) - 44Bu/A 

1953 Sweetclover 5.4 17(4) 	 2.OT/A 
 2.7 14(4) - 3.OT/A 

1954 Potatoes 8.0 45(15) - 172 4.6 42(14) 

Sacks/A 	 Sacks/A 
1955 Barley 9.7 24(6) 48(12) 8.2 7.5 8 Bu/A 5.4 20(5) 32(8) 11.0 16.4 14Bu/A
 

1956 Alfalfa 9.8 32(8) - 3.7T/A 5.2 32(8) - 4.8T/A 
(3 Cuts) 

1957 Alfalfa 8.7 8(2) 20(5) 3.0 3.8 3.4T/A 3.4 4(1) 12(3) 3.9 3.8 3.8T/A 
(2 Cuts) 

1958 Alfalfa 7.8 12(3) 24(6) 3.8 5.1 4.4T/A 3.1 0 8(2) 5.3 5.2 5.37/A
 
(3 Cuts)
 

1959* 	Alfalfa
 
(2 Cuts) 5.0 0 12(3) 3.1 3.4 3.3T/A 
 4.7 0 12(3) 2.9 3.3 3.1T/A
 

1960 Alfalfa 5.4 12(3) - 4.1T/A 5.1 12('E) - 3.8/A
 
(2 Cuts) 

1961 Barley 4.7 20(5) - 5lBu/A 4.3 20(5) - 72Bu/A 

1962 Barley 4.6 12(3) 24(6) 65 ?4 69Bu/A 4.2 8(2) 16(4) 76 80 78Bu/A
 

1963 Oats 5.5 30(7) - 102Bu/A 5.2 30(7) - 126Bu/A
 

1964 Oats 5.9 16(4) - 42Bu/A 5.7 12(3) - 37Bu/A 

*Pumping 
to maintain a water table level difference was discontinued in 1959.
 

250 
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1957 and 1958, the higher water table level increased alfalfa hay
 

yields 0.9 and 1.5 tons per acre.
 

After the pumping to maintain a water table difference was dis

continued in 1959, the trend for higher yields in the subbed area
 

reversed and a slightly higher average alfalfa hay yield was obtained
 

on the drained area. This reversed yield trend may have been due
 

partially to the higher salt and exchangeable sodium content of the
 

season
subbed area which reaccumulated during the 1957 and 1958 


(Figures 4 and 5). With the water table approximately the same level
 

in 1961, 1962, and 1963 and comparing yields with the same number of
 

irrigations, the subbed area produced higher average yields of 21, 17,
 

and 24 bushels per acre of barley and oats. These yield increases
 

mainly reflect the soil textural differences in the two areas.
 

The response of the various crops to irrigation and irrigation rates
 

was strongly dependent upon the water table level and the type and the
 

stage of development of root system of the crop. The irrigation rates
 

applied in 1955 had more of an effect on the alfalfa stands and on the
 

subsequent 1956 alfalfa hay yield (Figure 13) than was obtained on the
 

1955 barley yields. Very little increase in barley grain yields was
 

obtained from increasing irrigations in either area in 1955. A severe
 

June freeze plus later damage by birds largely contributed to the very
 

low yields obtained in both areas. (Also, a June freeze was responsible
 

for reducing the first-cutting alfalfa yields in 1959.)
 

Three extra irrigations increased alfalfa hay yields 0.8 and 1.5
 

tons per acre in 1957 and 1958 in the drained area with the average
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water table levels at 8.7 and 7.8 feet. Two txLra Irrig.iLions did not
 

increase hay yields in the subbed 
 area with waLer table leVls 

averaging 3.4 and 3.1 feet in 1957 and 1958. In 1959 when conti. i nous 

pumping to produce a water table difference between areas was diitoi.. 

tinued, three irrigations increased the alfalfa hay yields by .3 - .4 

tons per acre with the water table levels averaging -).0 and 4.7 CtCt 1. 

Two extra irrigations on the barley grown in 1962 produced only inure',scE 

of 11 and 4 bushels per acre, respectively in the druined and subbed 

areas with water table levels at 4.6 and 4.2 feeL. 

Yield increases due to diJlfercnces ii irrigation rALus wert. not 

statistically significant for io, of Llie c:rops even thotgh a large 

yield difference was found some veJrS, This low numbo.r (,I irrigation 

treatments and replicaLi Ons partI ,l y tcLouILs for this,:k nf 

statistical significanc. 

DRAINED AREA SUBBED AREA 

5 
-
 5.0
 
Cn 
.-. 4.--.5 

Iu) 

4-
4. 

0 3.3 0< < 

to j0LD Ito a) _ _ _ _ DC0 0 

45 %Stand 75% Stand 55 %Stand 70 % Stand 

Figure 13. The ef f, t t(()I . :jII dife f ('l~ t)IeS (l1J. d b I hl' 19>') 
d I f Or t Ilt ;) i rr1 i ':ILt in r;Itt -n til c 19 56 o Ia i If - I;Iy Vit' cis . 
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The overall importance of the timing and amount of irrigation and
 

water table levels is strongly shown in the oats yield differences
 

between the 1963 and 1964 seasons. Irrigation was restricted in 1964
 

to simulate irrigation by sporadic river water delivery in the average
 

dry year. Both areas were pre-irrigated before planting. The second
 

irrigation was applied approximately 6 weeks later. The third irrigation
 

was applied approximately a month after the second. The total of 4
 

irrigations applied on the drainied area with water table level of 5.9
 

feet yielded 42 bushels per acre, a yield reduction of 60 bushels per
 

acre from the 1963 season. Three irrigations only, on the subbed
 

area in 1964 with the water table averaging 5.7 feet resulted in an
 

89 bushel per acre yied redut Li, ovr tihe previous year. 

Effects of fertilizers and lettilizLer rates on barley yield 

Previous to 1962, phosplm.ru5 (P2(1) was applied in sufficient 

amounts so that it would not be a limiting factor in plant growth. 

Nitrogen (N) was applied on the barley and potatoes at the rate 

generally recommended tor each crop in the area (Appendix Table 6). 

A fertility trial was conducted on barley in 1962 to determine the 

effects of nitrogen and phosphorus fertilizers with different
 

irrigation rates on the reclaimed plots. The irrigation and fertilizer
 

treatments were superimposed over the initial amendment and leaching
 

treatments. The fertilizers and rates of fertilization were applied in
 

strips on each plot. The barley grain yield averages for the fertilizer
 

and irrigation rates are shown in Table 5.
 



Table 5. The 1962 average Otis barley grain yIl:n It", tl. fertilizer 

and irrigation rates on the reclaimud ploin. 

Fertilizer 
Applications 

Irrig
16 

DRAINED AREA* 
Barley Yield 
ation(A.-in./A.) 

24 Avg, 
Irri 

8 

SUBEID!) AREA* 
Barley Yield 
gation(A.-in,/A,) 

16 Avg. 

Bu./A. Bu./A. 

0 47 59 53 72 60 
50 N 
l00 N 
50 N + 50 P205 

69 
56 
71 

77 
87 
71 

73 
72 
71 

73 
83 
71 

85 
91 
79 

79 
87 
74 

100 N + 50 P20 5 85 77 81 81 90 86 

Average 	 65 74 69 76 80 78
 

Fertilizer and Rate LSD 	.05 '3 Su./A. 12 Bu./A. 
.01 9 hu./,. Not significant 

Fertilizer x Irrigai ion 	 .05 12 Iu./A. Not significant 
.11 , Bu./A. Not significant 

*Continuous pumping t- produce watcrt tabe dlif ttnce discontinued. 

The fertilizer response wan net i-ntirely consistent either for 

rate of application, fot irr&K.atton Ites, or icr the different areas. 

In general, there were aor, interactirs b.tween fertilizers, residual 

etfects of amendments, and irrigation th.n was expected. Also, there 

was considerable bordur Lftgut- from the fotrl:ilizer treatments which 

caused the check or no fertilizer treatnent to hav, higher yields than 

would be obtained on larger plots. In general, the greatest yield 

increase per pound of applied N was obtaiAed from the application of
 

50 pounds pv. icre ol. nitrogen. No consistent yield increase was 

obtained from the application of phosphorus fertilizer. In view of 

the fact that 650 pounds of phosphate (P 2 05 ) had been uniformly applied 
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on the plots in the years previous to the fertility trial, the general
 

lack of response to phosphorus is highly probable.
 

The same fertilizers and rates of fettilizer were applied on extra
 

20 by 20-foot plots in each area which had not been cropped until the
 

previous year to determine the effects oL fertilizers on soil with a
 

minimum of reclamation. These plots had been planted with barley in
 

1961 and received no reclamation treatment other than the irrigation
 

water applied. The yield results on tile minimally-reclaimed plots are
 

shown in Table 6.
 

Table 6. The average 1962 barley grai, yields for fertilizers and
 

rates on Minimally-,eclaimed plots.
 

Fertilizer DRAINED AREA SUBBED AREA 

Applications BarLey Yield Barley Yield 

Lbs./A. Bu./A Bu./A.
 

0 24 27
 

50 N 16 45 

100 N 22 35
 

5(i N + 50 P205 23 22 

100 N 4 50) 1'20 18 49 

Average 2o 36 

Fertilizer and rate LSD .05 Not significant 18 Bu./A. 

There was no yieldId icVease due to fertilizers or fertilizer rates 

in the drained area. The soil surfaces of the plots in this area were 

uniformly hard and brick..like on ile sui face due to the high exchangeable 



sodi im COntt1 L . 'h. subbed ,r,-a gilvt A 11,. p1 I j .pl.' tc. 

A significant yield increase over the 0 lert liz, ., U t w,js 

obtained for the 50 pounds of nitrogen and lIu pouuid:, ,I Ii i j 

plus 5( pounds ol phosphate. 

The datLa indicate that little yield i ,ras, can b ( zp . 

whert high exchangeabll, sodium n d poom e I physical ondljlrit: ,.b I 

Where the ,!xel.angeable sodiutim cmndi t l,m ; 11( ",-;pot ty", variaibl'. 

responses to lei tillzor cln b( (XpcCt,'d. 

Effects of subsoil Li )-a'1 It \,i, Id; 

Thea a oLt viei,.d1; ,i 't-.3 1-t i Ih d In.1 - ldI refs 

are shown in Table 7. 

Table 7. Avetalge 1963 ind 19(;,: Pti , , i ii ,ild. t,, i 111 eIud and 

Inon-c'hist,k qi t.i-.ir: ,!, 

Ti 1lage OAT YIELD O,\T YIELD 
Y.,',. Ir Y( a r 

Treatment 1963 1 o 1963 1960 

hu./A. Bu. /A. 

Not chiseled 98 1,2.4 129 39.2 

30-It. Chisel 1WG 41 . 1 124 34.7 

Ti llage LSD .03 Not Si5n- Not, Sig- Not Sig- 3.9 Bu./A. 
1iiic. tilt ni IiCanc nit icint. 

*Continuous ptmiping to prodcc wiatr tL.,d1 di tfeience, di scnti fued. 

The 303-inch deep lti elill, (I ealem t poduced an ;verage (i. ncluding 

all ori giv-l amendment aid I(itchl _,t reatment s) ic v.1 of 7 bushel stI ase 

per acre in the drained ir;i in 1963. A l-irger yield increase 

http:viei,.d1
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(21 Bu./A.) was round on tie original no amendment and krilium treated 

plots. Smaller or no yield increases from chiseling was found for 

plots originally treated with calcium chloride and gypsum (Appendix 

'rabl 18) which re.,nlted in the relatively low overall average for 

1963 In 1964 a slight yield decrease was found in the drained area. 

A consistent yield decrease on the chiseled plots was found in the 

subbed area in hoth 1963 and 1964. A dec reasu in the water-holding 

capacity of the loosened soil probably best explains the decreased 

yie ld in tihe subbed area. 

In general. tiu data indicate that subsoil tillage is of limited 

valhi when applied ,in welI -r claimed coarse-Lextured soiLs and in 

. evelS' lit Ct -,'c(Ilay ' I , , I r 'cl til i (L cr ) T'r tIIwt, 

1)[ : Ct!;,I ON 

Need I or R'c [areat io ind Ieasibility 

Cropping even with th, most salt and sodium tolerant crops will be 

,:lr,.mlyIhazardolisi i otL impossible in som1 YLv sp, if some reclama-

Lionl Lr,',tments .are ,o, applied on the saline-sodic loamy sand soils 

simil i Ithose l a situ,. The excessive solublett tit, experiment 


Mtn and Ili,Fe laliwv', l ow total amounts of exchangeable sodium
 

ti'v i make 

reduce ;mlubl. salts .and exchangeablu sodium in the crop root zone to 

desiiably low levels in one season using amendments and with the water 

tale at a 4', - loot depth. Reclan ation can be accomplished with 

high calcium-magneum groundwater alone but it requires a longer 

period of Iil'. 

pr,,ct mainly in i."iac, 18 inches of soil it possible to 



The prima ry prerequisite I FIc lamlat Ln tr.ll cn I .t iI ,ippjl g 

of the soil is a readily available a ld dependable supply o I wat.r 

throughout the cropping season. More than one source of w ightlgh 

be utilized for this purpose. Some farm, hav, rive r waLer rights 

some tarners have instal led sia I low-groundwaI we 1Is wit h r.servoi r., 

and I cers have deve Ioped de .per arte si an we- I I. E.Ich ot th tSe 

sources h . ;IJva ntage s and disadvant ages for the puIn pl))i OI rec laiili g 

the soils. The river w.a-t r .unply d).:s not last thrmig,1,l,ut the 

growing season 'nost ytears. Both t1 ni ver w'Jttr .ld tKli t . , ;in 

water, in general ,nw1 jpw L i il. dldn [t.] 'll.,,j u, v i I 'clIC makes 

it necessary to app] .' grcaL -r -Ir t s InerStil .11 t 1) ! ,:,,m. I1 , 

exchangeablec sodi u11m ] . Ti ,| I , gr,,Wdwa c i Ie rs 

SOTnC advanlage in tb! rcL p Lt hLII tLL ! 11 i oU 1nd .. Ig 1 ,,: Coit Ilit 

may vary COllSidi rai '.I , p wItb in ," a1 . 

Tie shial low-grem-rdwi, o r w, t I(in - I i wa control. tab le 

measure whtn the, wlL,, tab[ iL: lli,h beUtt ma¢y low,r thl' water table 

excessively during 10w we &1 tbI, pel iods. lHit., +,'antLge ,,L lower 

drilling costs of ti11. ; i;n.o: wels ovcr [it dceper artbsi.ln wells may 

be subsrantially oli t i b\1 c,)-: ,I tin pumping plaint and annual 

pumping costs. 

VriL 

The expt-rimcnt- I t (Silts iidictti that Iih wiltUr table should be 

at a vel, 111 highl.r ,.n 4 teet ill Oldtil-

W e 7 "l ijie Lnutl-,,l Rt. 1:t t s bIr Rec l liat ion 

to obtain sdltL amid sodium 

remUOVal front the tilo ft .i soils. - re rapid salt ild sodium 

removal results wh n t ic vel is low( r t tan '4 feet. 

http:artbsi.ln
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The need for water table control using open drain ditches or other 

water table control measures appears to have considerable variability 

in the Mosca-Hooper area and the San Luis Valley in general. 
 At the
 

experimental site the 
water 
table fluctuated from season-to-season and
 

considerably from year-co-year. 
 The highest water table level recoided 

in tile vicinity outside the plot areas 
during the period 1952-1964
 

was 3.0 feet spring 1953. lowestin the of The level recorded during 

,his time was 6.7 feet during the fall of 1956 (Appendix Table 3).
 

The highest water tables coincided with years when favorable snow packs 

occurred and more-than-usual river water supplies were diverted into
 

the area. In a somewhat isolated situation where little land was
 

irrigated in the iniwediat, vicinity sich as the land 
at the experimental 

sitL, draii s would not be ncce:ssa ry tO accoMp lish reclamation. 

Reclamation could be accomplished during periodswhen low water tables 

OcCurred. 

In other situation:i, especially with land adjacent canalsto or 

where considerable I,, igation with water other Ltan groundwater was 

taking place in the vicinity, drainage would usually be necessary to 

accomplish reclamation. 
 In the isolated situation installing drains
 

would apt to be prohibitive on an individual basis because of the cost
 

involved and because of 
the difficulty of disposing of the 
excess water,
 

Cooperation of neighboring land owners would be required 
to install
 

drains in any case.
 

A major advantage of drainage is that salts which are 
leached 

f rom the soil in the leaching water are removed from the area in the 



drainage watei. This advantag, is ire, ILet d in the vxperinient,1l 

results. The drained area plots showed little or no tendency to 

reaccumulate salt or exchangeable sodium. 

Water Table Levels for Crop Growth and Salinity Control 

In general, in the closed basin area o[ the San Luis Valley the 

best crop yields are obtained with no or a minimum of surface irrigation 

under sub-irrigated conditions where salts and sodium a,'e not a great 

problem. Water table levels necessary [or sub irrigation vary somewhat 

with the texture of the subsoil. A water table level of 18 inches may 

be necessary to supply the moisture needs of shallow-rooted crops, such 

as potatoes or barley, in soils with vcry gravelly subsoils. In areas 

with finer-textured subsoils, the wat.. table necessary to sub..irrigate 

the same crops may be 2 feet or lowe:r. 

Maintaining a high wat,.r i.iilLe te,€L, to ,iniimizL th . elfects of 

high salt and sodium concentrations when they do occur in the coarse

textured soils, especially with the more salt and sodium tolerant 

crops, This is largely academic in the Mosca-looper area, however, 

because the great fluctuation in watei supplies creates fluctuations in 

the water table levels, most of which -ire usually below depths 

necessary to grow crops by sub-irrigation alone. The rapid accumulation 

of salt and sodium when the water table is 3 feet or higher makes sub

irrigation,as such, a highly questionable practice in the area. 

During periods whun the water table i.s low the yields of even the more 

salt and sodium tolerant crops decline to low uneconomical levels 

especially on sodic soils. 
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More perli nent questions are whether crop yields can be improved 

and a high level of crop production maintained by increasing irrigation 

supplies and apptying reclamation treatments at water table levels 

low enough for soluble salt and exchangeable sodium removal and control. 

The results indicate that salt and sodium are reduced in the top 

3 feet of the soil and reaccumulation is minimized at a water table 

level of about 3.5 to 4 leet. 

The cropping results iidicate that during the early stages of 

reclamation tlhe yields ol shallow-rooted crops, namely barley and 

potatoes, are undesirably Inw at water tables ranging from 42 - 6 

feet even though the soluble salt and exchangeable sodium contents of 

the soil root zone hlive been ,4uhstantially reduced. Also, difficulty 

is experincvd ii obt tining good stands of sw (-tclover and alfalfa at 

these water table levels. 

These low yields are thought to be partly due to the compactness 

:ind generally poor pl,sical condition of the soil surface. Deteriora

tion of the structure evidently has taken place either before reclama

tion treatments or occurred during the leaching treatments. The fact 

that plots treated with krilium, a soil conditioner for improving
 

structure, produced yields as great or greater than yields from plots
 

treated with amendments tends to substantiate the observations on the
 

soil physical condition.
 

It is apparent that further measures are necessary to improve the
 

soil physical condition in addition to salt and sodium removal before
 

higher yields can hy obnlaned in the early reclamation stage with water 



tables of 4 I' tL or low.L . :uh ,ni I r i lI C Lu Il;,st n tL, di,,p. Yld and 

compacted soils before reclamation treatments are appL i .d aind n early 

incorporaLion of alfalfa into the crop rot aliOn will bring ahout bier 

yields in the early reclamation stage. (Thi results of furLher 

cxperimnc s with subsoil tilge and reclama tin arL given in a later 

bulletin.) Cliscling the oeil 10 yals after rr l.,m., ion was start., 

did not increase oat yiuld. .ubstantki ly. 

The results show that 2 cuttings ot aliilla will producc about 4 

tons per acre oi hay with 1 Lu 2 surface i rigatLions pr nltting aL 

water table level; of 4 to [feet afA r the rot. h.'. ,i IM to 

develop. Reasonably, sarisf;a2 ,rv ,I.. Ids at ;allo,-r, .,L, r ps at 

water table levels low, thin 4 ieL ', r, not . ind o,i th. salt 

and sodium was removed fr,. th:e r't zone and .Mll..i, u rp, c'Ud 

into the rotati n. ic .TheM i! ., oitly biouih. Jhout sorn imprUvL

ment in the soil physical .ondLon. Approxim.el]y 7 -8: bushels per 

acre of barley were produ.d at watcr .ablp Levels w. -- 5 eet with 4 

to 6 irrigations (about 2 aere-leeL of wa'ur) ind WiLi Au pounds 

per acre of nitrogen teLtilizer. Approx,.ett ly 100-120 bushels per 

acre o oats were produced with 7 i rrigat in, and 76 pounds per acre 

of nitrogen and 40 pound,, per acre -I phosphate (P 2 05) at water table 

levels averaging 5 feet C, heoow. gAducing the number ol irrigations 

drastically reduced odt yields at water table levels averaging close 

to 6 ue.tthe year following. 

Thus, the result. indicat,, that satisfactory yields can be 

achieved at water tab I leve l below ttu s neces sary for salinity 



50
 

control if the soil is reclaimed and its physical condition improved,
 

adequate fertilizer is applied, and timely and adequate irrigation is
 

applied. However, the economic feasibility of providing sufficient
 

irrigation water to achieve good yields at water table levels below
 

5 feet is somewhat questionable.
 

Water Table Levels for Surface Irrigation
 

The water table levels necessary for the most rapid removal of
 

soluble salts and exchangeable sodium from the crop root zone of the
 

soils in the area are not the levels at which the most efficient
 

surface irrigation can be attained by flood irrigation. Increasingly
 

larger heads of water or shorter irrigation runs are necessary to
 

cover tile land by, flood irrigation as the water table level lowers, 

especially below 4 feet. Thy f luctuation of the water table also 

creates problems in irrigation management. Frequent changes in either
 

the siz'. o)I the irrigation water head or the size of the irrigation run
 

would I(.necessary to achieve the most efficient irrigation under 

conditions (I water table fluctuation. 

The u,;( ti sprinkler irrigation would alleviate some of the 

management problems associated with flood irrigation. However, the 

capacity of tht sprinkler system would have to be large and would 

increase irrigation costs considerably. 

Management of Reclaimed Coarse-Textured Soils 

Water management is th key factor in obtaining economically 

justifiable crop yields on these soils. Water management includes both
 

waler table level control and surface irrigation.
 



Ideally, stabilization of* the water tablt: level at about 4 feet 

with adequate surface irrigation water available from March through 

October would considerably simplify management in all respects. 

At this water table level, reclamation could be accomplished and salt 

accumulation in the root zone eliminated or minimized. Stabilization 

of the water table would allow more plecise and predictable water and 

fertilizer requirement determinations to be made for various crops. 

Water table fluctuation creates considerable uncertainty at all 

levels of management. Soluble salts, exchangeable sodium, and crop 

water and fertilizer utilization all have some interactive effect with 

most crops. 

A lowering of the water table generally increases the need for 

more trequent irrigation which may cause leaching of nitrogen from the 

root zone, or may decreaso th -iiJ i ZaLioll ot plant nut rients 

especially if exchang(ablu sodium is high in root zone. A rising water 

table generally decreases the need for surface irrigation during the 

cropping season, which will decrease nitrogeii losses, but may result in 

excessive salt and sodium accumulations. Also, a rising water table 

may cause the loss of stands of ,lfalfa. Soluble salt accumulations 

in the root zone from a water table rising above 4 feet may not be 

serious if the water fable drops again and pre-season or post-season 

leaching water is applied to r,.duceu the salts. Removing accumulated 

exchangeable sodium wOtl.d require the application of amendments if a 

low calcium-magnesum water source was used for irrigation. Frequent 

amendment applications would add tu the cost of producing crops and may 

result in uneconomical production in many cases. 
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Table la. The electrical conductivities of saturated soil paste extracts (mmhos/cm.) of the samples
 
from the drained plots pre-leached with 30 A.-in./A. of watej. 

Sampling Date and Number of Plots Sampled 

Amendment 

4/
Aug.-
1951 

1/
Sept.-
1952 

4/
Aug.-
1953 

/
Sept.-
1954 

2/
Oct.-
1955 

/
Nov.-
1956 

2/
Oct.-
1957 

2/
Oct. 
1958 

2/
Oct.
1964 

0-7 In. De±pLh 
None 18.7 1.25 1.01 5.31 1.07 0.88 1.10 1.08 1.0 
Krilium- 0.1% 18.0 1.38 1.171/ 4.:)7 1.07 1.19 1.16 1.26 0.9 
Gypsum  ].T.i\. 18.6 - 0.97 4. 5 • 1.04 1.03 1.16 1.0 
Gypsum  4 T./A. 18.6 3.09 2.03 4.47 1.12 1.31 1.13 1.26 0.8 
Calcium Chloride - 0.8 T./A. 12.9 - - 3.50 - 0.96 1.11 1.16 0.9 
Calcium Chloride - 3.2 T./A. 15.6 2.41 0.89-! 3.j4 0.98 1.08 1.33 1.16 0.9 

7-18 In. Depth 

None 

Krilium  0.1i. 
6.69 

7.81 

1.46 

1.67 
2.06 

1/U2.91-
3.42 

?.69 
1.23 

1.12 
1.16 

1.17 
1.13 

1.00 
1.06 

1.18 
0.8 

0.8 
Gypsum  1 T./A. 5.54 - 2.98 3.12 - 1.22 0.99 1.02 0.7 
Gypsum - 4 T.jA. 6.24 2.23 3.7 2.58 1.12 1.27 1.03 1.25 0.8 
Calcium Chloride - 0.8 T./A. 3.41 - - I1.78 - 0.72 1.14 1.07 0.8 
Calcium Chloride - 3.2 T./A. 5.39 1.08 2.4O / 2.35 1.00 0.97 1.10 0.97 0.8 

18-33 In. Depth 
None 2.75 1.73 2.4t I 1.76 1.57 1.36 1.45 1.48 0.8 
Kiilium- 0.1% 2.38 2.06 3.01- 1.48 1.22 1.31 2.12 1.26 0.8 
Gypsum - I T./A. 2.57 - 3.1't 1.58 - 1.31 1.14 1.91 0.8 
Gypsu. - 4 T./A. 2.47 2.59 2.66 1.74 1.12 1.21 1.28 2.86 0.8 
Calcium Chloride - 0.8 T./A. 1.61 - - 1.18 - 0.81 1.20 1.25 0.8 
Calcium Chloride - 3.2 T./A. 2.51 1.28 1.511' 1.47 1.23 1.23 1.27 1.12 0.9 

I/ 
2/ 

Electrical conductivit value of soil sample from 1 plot.
Average electrical conductivity values of soil samplo. from 2 replicate plots. 

4/ Average electrical conductivity values of soil samples from 4 replicate plots. 



Table lb. The electrical conductivities of saturated soil paste extracts (mmhos/cm.) of the samples from
 
the subbed plots pre-leached with 30 A.-in./A. of water.
 

Sampling Date and Number of Plots Sampled
4/ 1/ 4/ 4/ 2/ 2/ 2/ 2/ 2/ 
Aug.- Sept.- Aug. Sept. Oct.- Nov.- Oct. Oct.- Oct.-


Amendment 1951 1952 1953 1954 1955 1956 1957 1958 1964
 

0-7 In. Depth
 

None 18.4 2.27 7.76 4.98 1.20 1.07 4.46 6.39 1.0 
Krilium - 0.1% 14.7 2.29 9.80= 4.41 1.15 1.28 4.51 6.63 1.0
 
Gypsum - 1 T./A. 17.0 - 8.96 4.67 - 1.37 2.71 6.27 1.1 
Gypsum - 4 T./A. 19.4 4.73 9.86 5.08 1.10 1.12 4.70 7.63 0.9 
Calcium Chloride - 0.8 T./A. 17.9 - - 3.48 - 1.22 5.89 6.32 1.1 
Calcium Chloride - 3.2 T./A. 17.5 3.57 9.30-I / 4.96 1.30 1.20 5.04 4.84 1.1 

7-18 In. Depth
 

None 4.34 
 2.70 4.14 4.15 1.55 1.30 2.30 2.90 0.9 
Krilium- 0.1% 3.38 2.64 3.341 / 3.71 1.43 1.27 2.39 3.94 1.0 
Gypsum - 1 T./A. 4.49 - 5.27 4.55 - 1.26 2.22 4.00 1.2 
Gypsum - 4 T./A. 6.04 4.45 5.05 5.02 1.45 1.31 4.01 5.28 1.0 
Calcium Chloride - 0.8 T./A. 4.03 - - 2.59 - 1.55 3.87 4.05 1.1
 

/
Calcium Chloride - 3.2 T./A. 4.65 2.93 3.93-1 4.27 1.55 1.37 3.46 3.10 1.0 

18-33 In. Depth
 

None 2.65 2.77 1.80 1.96 1.67 2.70 2.46 2.19 1.1 
Krilium- 0.1% 1.84 3.24 2.111/ 1.67 1.61 1.67 1.82 2.13 1.0 
Gypsum - 1 T./A. 2.17 - 2.05 2.05 - 2.01 3.06 2.12 1.4 
Gypsum - 4 T./A. 3.59 3.85 1.93 2.35 1.57 1.47 2.02 2.76 1.3 
Calcium Chloride - 0.8 T./A. 2.31 - - 1/ 1.52 - 2.16 2.15 3.91 1.2 
Calcium Chloride - 3.2 T./A. 2.50 3.36 1.83- 1.86 1.71 1.73 2.11 1.80 1.2 

I/ Electrical conductivity value of soil sample from 1 plot.
 
2/ Average electrical conductivity values of soil samples from 2 replicate plots.
 
_/ Average electrical conductivity values of soil samples from 4 replicate plots.
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Table Ic. 	 The electrical conductivities of saturated soil paste extracts (mmhos/cm.) of the samples
 

from the drained and subbed plots pre-leached with 12 A.-in./A. of water.
 

Sampling Date and Number of Plots Sampled 

DRAINED AREA SUBBED AREA/ 4 1/ I/ 4/ ,.'u 4/ 41 	 i/1/ 1/ 
Aug.- \ug.- Sept.- Nov.- Oct.- Aug. Sept.- Nov.- Oct. 

Amendment 1951 1953 195- 1956 1957 1951 1933 1954 1956 1957 

0-7 In. Depth 

None 	 1".9 0.89 4.95 - - 15.4 5.97 3.98 - 

20.5 - 3.49 - -Krilium - 0.1% 16.2 - ? . 7 

Gypsum - I T./A. 16.5 1.02 4.95 0.93 1.0c5 16.7 10.05 3.72 0.92 3.26 

Gypsum - ', T./A. 17.1 1.34 4.38 - - i8.1 10.90 4.15 - -

Calcium C0ioride - 0.8 T./A. 15.0 - 4.17 1.n7 1.03 20.4 - 3.93 0.99 4.02 

Calcium Tiloride - 3.2 T./A. 16.7 - 4.44 - - 21.5 - 4.10 - 

7-18 In. Depth 

None 	 6.12 1.76 3.13 - - 3.74 4.48 3.07 - -

Krilium- 0.1% 	 6.04 - 1.95 - - 4.21 - 2.53 - -

Gypsum - 1 	 T./A. 6.39 2.24 2.97 1.,- J1.1o .85 6.31 3.07 0.96 2.71 
Cypst-n -	 T./A.T 6.24 3.13 2.54 - - 3.65 7.51 4.14 - -

Calcium Chloride - 0.3 T./A. 4.96 - 2.43 1.01 i.14 5.20 - 3.93 1.14 3.12 
Calcium Chloride - 3.2 T./A. 4.89 - 2.38 - - 6.59 - 3.93 - 

18-33 In. Depth
 

None 	 2.34 2.07 1.63 - 2.18 1.76 1.57 - -

Krilium- 0.1% 	 2.21 - 1.29 - - 2.11  1.53 - -


Gypsum - I T./A. 2.29 2.84 1.71 1.42 1.20 2.69 2.19 1.65 1.24 2.17 

Gypsum - 4 T./A. 2.34 2.62 1.72 - - 2.67 2.74 2.29 - -

Calciunm Chloride - 0.8 T./A. 2.02 - 1.37 1.19 1.10 3.15 - 1.60 1.93 2.36 

Calcium Chloride - 3.2 T./A. 2.36 - 1.31 - - 2.67 - 2.22 - 

l/ Electrical conductivity value of soil sample from 1 plot.
 
4' Average electrical conductivity values of soil samples from 4 replicate plots.
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Table id. 	Summary of electrical conductivity values and statistical
 
analysis beforereclamation in 1951 and after complete
 
resampling 	in 1954.
 

1951 
DRAINED PLOTS SUBBED PLOTS
 
Depth-Inches Depth-Inches
 

Amendments 0-7 7-18 18-33 Avg. 0-7 7-18 18-33 Avg.
 

No Amendment 16.9 6.4 2.5 8.6 16.9 4.0 2.4 7.8 
Krilium 17.1 6.9 2.3 8.8 17.6 3.8 2.0 7.8 
Gypsum - 1 T./A. 17.6 6.0 2.4 8.7 16.8 4.7 2.4 8.0 
Gypsum - 4 T./A. 17.8 6.2 2.4 8.8 18.8 5.8 3.1 9.2 
CaQl2 - 0.8 T./A. 13.9 4.2 1.8 6.6 19.1 4.6 2.7 8.8 
CaCI 2 - 3.2 T./A. 16.2 5.1 2.4 7.9 19.5 5.6 2.6 9.2 
Average 16.6 5.8 2.3 8.2 18.1 4.8 2.5 8.5 

Leach Avg. Avg.
 
12 A.-in./A. 16.1 5.8 2.3 8.0 21.0 5.0 2.6 8.8
 
30 A.-in./A. 17.1 5.9 2.4 8.4 17.5 4.5 2.5 8.2 

Coefficient of 	Variation 25.3% 
 19.0%
 

Amendment LSD 	 .05 1.2 mmhos/cm. 1.2 mmhos/cm. 
.01 1.6 mmhos/cm. .9 mmhos/cm. 

Depth LSD .05 0.8 mmhos/cm. 0.8 mmhos/cm. 
.01 1.1 mmhos/cm 1.2 mmhos/cm. 

1954
 
DRAINED PLOTS SUBBED PLOTS 
Depth-Inches Depth-Inches 

Amendments 0-7 7-18 18-33 Avg. 1 0-7 7-18 18-33 Avg. 
No Amendment 5.13 3.28 1.69 3.37 4.48 3.61 1.76 3.28 
Krilium 3.43 2.32 1.38 	 2.38 3.95 3.12 1.60 2.89
 
Gypsum - 1 T./A. 4.80 3.04 1.65 4.20 3.81 1.853.16 3.28 
Gypsum - 4 T./A. 4.42 2.56 1.73 2.90 4.61 4.58 2.32 3.84 
CaC12 - 0.8 T./A. 3.83 2.10 1.27 2.40 3.71 3.26 1.56 2.84 
CaCI 2 - 3.2 T./A. 4.19 2.36 1.39 2.65 4.53 4.10 2.04 3.56 
Average 	 4.30 2.61 1.52 
 2.81 4.25 3.74 1.86 3.28
 

Leach Avg.
 

21 A.-in./A. 4.28 2.57 1.51 
 2.78 3.90 3.45 1.81 3.05
 
30 A.-in./A. 4.33 2.66 1.54 2.84 4.60 4.05 1.90 3.52
 

Coefficient of 	Variation 25.1% 
 31.7%
 

Amendment LSD .05 0.40 mmhos/cm. 0.60 mmhos/cm.
 
.01 0.53 mmhos/cm. 0.79 mmhos/cm.


Leach LSD .05 Not Significant 1 0.34 mmhos/cm.
 
.01 Not Significant 0.46 mmhos/cm.


Depth LSD .05 0.29 mmhos/cm. 0.42 mmhos/cm.
 
.01 0.38 mmhos/cm. 0.56 mmhos/cm.
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Table 2b. Exchangeable sodium percentages 01 
the soil samples from the subbed plots pre-leached with
 
30 A.-in./A. of water.
 

Sampling Date and Number of 
Plots Sampled

/1/ 4/ 4/ 21Aug.- Sept.- Aug. Supt. 2 2/ 2/ 2/Oct.- Nov. Oct.- Oct.- Oct.
Amendment 
 1951 1952 
 1953 1954 
 1955 1956 1957 1958 1964
 

0-7 In. Depth
 
None 
 32 23 20 
 7.3 4.6 
 5.3 12.7 17.1 5.5
Krilium - 0.1% 30 6.5 18/ 10.0 4.2 3.8 6.6 16.8 4.3
Gypsum - 1 T./A. 33  19 6.7 
 - 3.9 7.0 21.7 5.7Gypsum - 4 T./A. 29 10.0 
 18 6.1 4.9 4.3 
 S.2 15.0 6.5
Calcium Chloride - 0.8 T./A. 29  8 6 - 4.0 11.1 11.7Calcium Chloride - 3.2 T./A. / 6.0

29 5.5 14 8.4 4.5 5.0 
 10.4 21.6 
 6.3
 

7-18 In. Depth
 

None U'
17 30 25k/ 
 10.2 11.1 6.6 13.9 18.0 7.6 1
Krilium - 0.1% 16 12 19- 9.2 11.0 4.8 11.6 13.4 6.6Gypsum I T./A. 15 
 - 23 8.5 
Gypsum - 4 T./A. 

- 7.4 8.7 28.9 12.1
16 17 
 18 6.2 10.9 7.2 12.9 24.4
Calcium Chloride - 0.8 T./A. 10.7 
17 . 12/ 8.4 - 6.2 12.8 11.1 9.1Calcium Chloride - 3.2 T./A. 15 6.7 2- 6.5 6.3 4.9 
 9.9 13.3 7.0
 

18-33 In. Depth
 

None 
 10 24 16
Krilium - 0.1% 17 18.6 8.0 14.1 12.28.4 15 11- 15 16.9
15.2 10.1 
 8.0 11.8
Gypsum - I T./A. 12.8
8.0 - 19 15 - 11.3 17.8 18.1 18.2Gypsum - 4 T./A. 10 15 15 
 9.3 12.8 11.3 12.0 
 20.4 17.8
Calcium Chloride - 0.8 T./A. 8.4 - 16  8.4 9.0 12.9 15.3
Calcium Chloride - 3.2 T./A. 12 12 12-/ 12 11.8 8.8 11.9 
 9.9 13.3
 

1/ Exchangeable sodium percentage value of 
sample from 1 plot.

2/ Average exchangeable sodium percentage of samples 
from 2 replicate plots.

4/ Average exchangeable sodium percentage of 
samples from 4 replicate plots.
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Table 2d. Summary of exchangeable sodium percentages and statistical 
analysis in 1951 before reclamation and after complete 
resampling in 1954.
 

1951
 
DRAINED PLOTS 
 SUBBED PLOTS
 
Depth-Inches Depth-Inches

Amendment s 0-7 7-18 18-33 Avg. 0-7 7-18 18-33 Avg. 

N) Ancltdment 36.5 29.0 16.1 27.2 28.4 19.7 10.4 19.5
 
Kri iun1 31.7 26.2 11.5 23.4 30.5 17.3 9.3 19.0 
Gypsum - I T./A. 34.2 29.3 14.1 31.7 9.225.9 16.7 19.2 
(G,,psum - 4 T./A. 35.0 26.6 13.0 28.7 9.8 18.424.9 16.6 

:,,CI 2 - (0.8 T./A. 
 27.5 21.9 9.8 19.7 32.9 17.8 10.0 20.2 

(:CC 2 - 3.2 T./A. 31.6 24.7 1.1.9 22.7 33.4 20.7 12.8 22.3
 
Average 32.7 12.9 30.9
26.3 24.0 18.1 10.3 19.8
 

bca, Ii Avg12 A.-i n./A. 31.2 
 25.3 12.- 23.0 31.4 20.3 11.3 21.0
 
30 A.-in./A. 
 34.0 28.0 13.5 25.0 30.0 16.0 9.5 18.-


Coelficint of VariaLion 25.6% 27.2% 

Ame'1nduiuit LD .05 3 ,5 Leach LSD .05 1.8Z
 
.01 4.77 .01 2.37
 

!vptt .05 2.5" ),pt, .05 2.2 .
 
.01 
 3 37 .01 2 .8', 

1954
 
DIRINED PLOTS SUBBED PLOTS 
Depth-Inches Depth-Inches


Andmn. 0-7 7-18 18-33 
Av6. _0-7 7-18 18-33 Avg. 

i';,A i,,,vH, t 7.5 7.5 13.6 9.5 o.3 8.3 15.3 10.0
 
Kri li mn 7.9 6.6 12.8 9.1 9.3 10.1 16.2 11.9 
Gypsui,, - 1i./A. 6.5 5,8 11.0 7.8 5.8 7.3 14.j 9.1 
Gypsumn, "i'1 ./A. 6.0 4.7 6.2 5.6 5.4 6.45.7 8.1 
CaCI) - 0.8 T./A.2 7.7 7.4 12.8 9.3 8.1 8.1 16.4 10.9
 
CaCI., - 3.2 T./A. 8.3 6.7 10.2 8.4 8.4 8. L 13.3 9.9 
Avera Ke 7.3 6.4 1l.] 8.3 7.3 7.9 13.9 9.7
 

Li'lih 
 Avg. A 
21 A.-in.iA. 7.0 6.3 12.5 8.3 6.7 7.7 13.8 9.4 
30 A.-in./A. 7.6 6.6 9.9 8.2 7.9 8.2 14.0 10.0
 

CotIici.ent of Variation 29.6% 30.5%
 

Amcndin'it LSD .05 1.4% 
 1.7%
 
.01 1.9% 
 2.2%
 

lWptlh I,SD .05 1.0% 
 1.2%
 
01 1.32 
 1.6%
 

http:A.-in.iA


Table 3. WaLer La bk, depth; in the plot area, 1952-1964. 

Outside the! 
blaind, ,,Area S;ubbed Area Plot Areas 

' Year May N: A, ;.. " ! Avg.* Apr. I 1 
1952 5.1 6.2 7 1.3 2.6 2.1 5.0 3.5 
11)53 4.6 6.2 5.4 1.5 :.2 2.7 3.0 5.0 

1951t 7.0 9.1 8.( . .0 ).7 4.6 4.7 5.5 

i j.l oct. 1 Oct. 

£4719:5 7.6 10.4 7 6.2 5.4 3.9 

196 7. 9 i0.3 9. '.7 0.2 5.2 6.0 6.7 
>3,7 : 7,8 . 1.7 . 3.4 6.4 4.0 
1'3 ,0 8.2 .; 2.'4 3. 3.1 3.7 5.0 

1939 4.2 6.2 £4. 3.0 -,.7 4.3 6.0 

196) 5.0 .1 5.0 5.6 
1,. ,. '.. .. 5 .1 

62 .. +. . .. "., 4.3 '.2 4.2 4.8 
1963 ' -... .. ..2 4.1 6.1 

dl )la ' I ,

-- 4., : L- -. - : -r-.,iO 5 C f . 
:,, ' - i '3 ,7 ' c(i4 

(O L 

.i 5.5 
p I :- ,*, .,. :'.W 7.1 a ,: . 7 2.0 

So~~~~~~~ .. -. I- . 0 

1p' , -- -- - 0 .3 

Anim . - I-, , 3 

.1 , - , .- U 1 .2i r , .00 U 
H-- .(• A .31 4.3 , '. , 3
 S al . - - 

.
 , ~. 60I. O2. 1.7 
: ;'r ,, . :, . - : , 0 ',]J .2 7 

Conduct - -i ,030 Ib o 1225 

JlI ' .... 7 .5 8 .6 

" -' 33 34 39" -

S, I:-. - " .-. .- .(H, 2.00 .92 2.58 

acre foot: ,jf' . 1.1' i.02 1.19 



Table 	 3. SumAry of amount (A.-in./A.) and :umb-r-i- ff crop and post-harvest irri,;ationt. 

DRA'INED AREA SUBBED AREA 
Crop Irrigation Post-Harvest j Crop Irrigation Post-Harvest

Year Crop Low RaLtz ite Low Rates High Ratet Low Rate High Rate Low Rate High Rate 
1952 	 Barley 
 Ra07f
 

(With 	Sweetclover) 20(7) - - 4(1) - - 17(6) - - 4(l) 

1953 	 Sieetc lover - 17(5) - - 4(1) -  14(4) - - 4(1) 
1954 Potatoes - 45(15)* - -
 None - - 42(14)* - - None 1955 	 Barley
 

(With Alfalfa) 
 24(6)* 48(12)* 12(3)** 4(1)** 20(5)*
1956 	 32(8)* 12(3)-* 4(1)**
Alfalfa
 

(3 Cuts) - 32(8)  12(3)**  - 32(8)  - 12(3)** 1957 
Alfalfa
 
(2 Cuts) 20(5) 
 8(2) 12(3)** 12(3)-** 4(i) 12(3) 4(1) 
 None
 

1958 Alfalfa 

0
 

(3 Cuts) 	 12(3) 24(6) 8(2)* 12(3)* None 8(2) 8(2)** 4(1)**1959 
Alfalfa
 
(2 Cuts) None 12(3) 6(2) 
 12(3) None 
 12(3) 8(2)** 12(3)**
 

1960 Alfalfa
 

(2 Cuts) 	 - 12(3) - - 4(1) -	 12(3) - - 4(1) -
1961 	Barley - 20(5) - - None 
 - - 20(5) - - None 

1962 	 Barley 12(3) 24(6) - None - 8(2) 16(4) - None 
1963 Oat3 - 30(7)* 
 - - None - - 30(7)* - - None 
 -

1964 Oats - 16(4)* - -
 None - - 12(3)* - - None 

1/ Number of irrigations in parentheses.
 

*Includes 1 irrigation before planting the crop.
 
**Includes 1 irrigation late in Oct. 
to prevent winter-kill.
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Table 	6. Summary of fertilizers and rates applied on the crops.
 

1952 Barley (started with Sweetclover) - 150 Ibs./A. P205 (Treble
 
superphosphate) on all plots before planting.
 

1953 Sweetclover chopped and plowed under (fall); 25 lbs./A. N
 
applied.
 

1954 Potatoes - 25 lbs./A. N and 200 lbs./A. P205 before planting
 
potatoes.
 

1955 Barley - 40 lbs./A. N and 300 lbs./A. P205.
 

1961 Barley - 40 lbs./A. N (Urea).
 

1962 Barley - Fertility trial - rates: 0, 50 N, 100 N, 50 N +
 
50 P205, 100 N + 50 P205 (Ammonium nitrate and treble
 
superp osphate). 

1963 	 Oats - 70 N ard 4) ]br.jA. P10 5 (Anunonium nitrate and
 
treble superphosphitc-.)
 

1964 	Oats - 70 lb ./A. N (Ammoniumr nitrate). 

Table 7. 	 Average 1952 bay I,'y Iraii yi,i for amendment and leaching
 
treatments or, the plots.
 

DRAINED AREA BA EY YIELD SUBBED APEA BARLEY YIELD 
Leach Leach 

Amnendments 12 A.-in./A. 30 A.-in./A. Avg. 12 A.-Ln./A. 30 A.-in./A. Avg. 
Bu,,hi-c pl r Acre Bushels per Acre 

None 8.2 12.4 31.716.6 24.1 27.9
 
Krilium - 0.1% 
 12.4 18.3 15.4 52.1 34.1 43.1
 
Gypsum - I T./A. 11.9 15.9 13.9 42.9 46.2 44.6
 
Gypsum - 4 T./A. 13.7 16.2 15.0 54.4 44.7 49.6
 
CaCI2 - 0.8 T./A. 10.8 12.6 11.7 50.8 
 35.7 43.3
 
CaCI 2 - 3.2 T./A. 12.9 13.4 13.2 51.1 46.0 48.6
 

Average 	 11.7 15.5 13.6 45.9 
 39.7 42.8
 

Coefficient o.f Vari.ation 
 36.3% 26.8% 

Amendment LSD .05 Not Significant 11.6 Bu./A. 
.0I Not Significant 15.6 Bu./A. 

Leach LSD .05 2.8 Bu./A. 	 Not Significant
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Table 8. 	Average 1953 sweetclover hay yields (oven-dry weight) for 1952
 
amendment and leaching treatments on the plots.
 

DRAINED AREA CLOVER YIELD SUBBED AREA CLOVER YIELD 

Amendments 12 A.-in./A. 30 A.-in./A. Avg. i12 A.-in./A. 30 A.-in./A. Avg.
 
Tons per Acre Tons per Acre
 

None 1.91 1.21 1.561 2.75 2.97 2.86 
Krilium - 0.1% 1.88 1.84 1.86 2.87 2.96 2.96 
Gypsum - I T./A. 1.98 2.25 2.11 2.65 3.19 2.92 
Gypsum - 4 T./A. 2.18 2.22 2.20 2.66 3.23 2.95 
CaC12 - 0.8 T./A. 1.64 2.21 1.93 3.16 3.01 3.08 
CaC1 2 - 3.2 T./A. 2.36 2.34 2.35 2.82 3.23 3.02 

Average 	 1.99 2.01 2.00 2.82 3.10 
 2.96
 

Coefficient of Variation 28.5% 
 8.9%
 

Leach LSD .01 Not Significant 0.20 T./A.
 

Table 9. 	Average 1954 Red McClure potato yields for the 1952 amendment and
 
leaching* treatments on the plots.
 

DRAINED AREA POTATO YIELD SUBBED AREA POTATO YIELD 
Leach Leach 

Amendment 21 A.-in./A. 30 A.-in./A. Avg. 21 A.-in./A. 30 A.-in./A. Avg. 
100-pound Sacks per Acre < 100-pound Sacks per Acre 

None 165.8 164.8 165.3 180.3 201.8 191.0 
Krilium- 0.1 % 163.3 186.3 174.8 219.0 234.0 226.5 
Gypsum - I T./A. 177.3 179.3 178.3j 199.3 229.5 214.4 
Gypsum - 4 T./A. 182.0 190.0 186.9 225.0 240.0 232.5 
CaCI2 - 0.8 T./A. 161.8 161.0 161.4J 223.0 242.0 232.5 
CaC1 2 - 3.2 T./A. 173.0 156.3 164.6; 232.0 276.3 254.1 

Average 	 170.5 172.9 171.7JI 213.1 237.3 225.2
 

Coefficient of Variation 16.9% 	 11.5%
 

Amendment LSD .05 Not Significant 26.5 Sacks/A.
 
.01 Not Significant 35.6 Sacks/A.


Leach .05 Not Significant 20.2 Sacks/A.
 

*An additional 9 A.-in./A. of leaching water applied on the plots initially
 
leached with 12 A.-in./A.
 



Table 10. 	Average 1955 Trebi barley grain yields for the 1952 amendment and leaching
 
treatments and 1955 irrigation rates.
 

DRAINED AREA BARLEY YIELD SUBBED AREA BARLEY YIELD 
Irrigation Irrigation 

Amendment Leach 24 A.-in. 48 A.-in. Avg. 20 A.-in. 32 A.-in. Avg. 
A.-In./A. Bushels per Acre Bushels per Acre 

None 	 21 5.1 7.3 6.2 5.2 7.9 6.6
 
None 	 30 6.8 4.4 5.6 6.2 11.2 8.7
 

Average 	 5.9 5.8 5.9 5.7 9.6 7.7
 

Krilium - 0.1% 21 11.8 9.5 10.7 16.8 14.1 15.5
 
Krilium - 0.1% 30 6.1 9.3 7.7 6.9 9.9 8.4 

Average 	 8.9 9.4 9.2 11.9 12.0 12.0
 

Gypsum - 1 	T./A. 21 8.5 12.0 10.3 13.1 14.0 13.6 
Gypsum - I 	T./A. 30 7.0 4.3 5.7 12.1 12.2 12.2
 

Average 	 7.8 8.1 80 12.6 13.1 12.9 

Gypsum - 4 T./A. 21 13.1 9.2 11.2 9.7 30.7 20.2
 
Gypsum - 4 	T./A. 30 7.0 8.7 7.9 9.6 25.4 17.5 

Average 	 10.0 8.9 9.5 9.6 28.0 18.8 

CaCI 2 - 0.8 T./A. 21 9.7 4.5 7.1 9.4 13.2 11.3 
CaC12 - 0.8 T./A. 30 8.1 6.1 7.1 11.5 26.0 20.8 

Average 	 8.9 5.3 7.1 t 12.4 19.6 16.0 

CaC12 - 3.2 T./A. 21 9.5 7.3 8.4z 9.h 15.9 12.7 
CaCI2 - 3.2 T./A. 30 6.1 7.2 6.7 18.8 16.6 17.7 

Average 	 7.8 7.2 7.5 14.1 16.2 15.4
 
Overall Average 	 8.2 7.5 7.9 11.0 16.4 13.7 

Coefficient of Variation - Main Plots (Irr.) 70.07. 	 68.1%
 
Split Plots (Amend. 
and Leach) 47.0% 31.3% 

Leach 	 LSD .05 2.2 Bu./A. I Not Significant
 



Table 11. 
 Average 1956 Ranger alfalfa hay yields (3 cuttings , oven-dry weight) for 
amendmen and leaching treatments and stand difference due to the 1955 
differential irrigation rates.
 

DRAINED AREA ALFALFA YIELDT SUBBED AREA ALFALFA YIELD 
Irrgation Ag-Irrigation


Amendment Leach 24 A.-in. 
48 A.-in. 20 A.-in. 32 A.-in. Avg.

A.-in./A. 
 Tons per Acre Tons per Acre
 

None 21 2.50 4.01 3.25 3.63 4.06 3.85

None 
 30 3.07 3.70 3.38 4.46 
 4.74 4.60
 

Average 2.78 
 3.86 3.32 4.40
4.01 4.22 
Krilium - 0.1% 21 4.19 3.99 4.09 4.14 6.02 5.08
Krilium - 0.1% 30 
 3.62 -4.40 4.01 5.40 
 6.55 5.97
 

Average 3.90 4.19 4.05 4.77 6.28 5.53
 
Gypsum - 1 T./A. 21 3.10 4.38 3.74 4.36 4.33 4.34 
Gypsum - 1 T./A. 30 3.33 3.56 3.44 3.92 4.94 4.43 

Average 3.21 f.97 3.59 4.63
4.14 4.38
 

Gypsum - 4 T./A. 
 21 3.73 L-.52 4.12 4.12 5.18 4.65
 
Gypsum - 4 T./A. 30 2.82 4.55 
 3.68 4.87 5.79 5.33
 

Average 3.27 4.53 4.49
3.90 5.48 4.99
 
CaC12 - 0.8 T./A. 21 2.84 
 3.64 3.24 4.81
4.09 4.45

CaCI 2 - 0.8 T./A. 30 2.80 3.75 3.27 4.87 4.60 4.74 

Average 2.82 3.70 3.26 
 4.48 4.70 4.59 
CaCI 2 - 3.2 T./A. 21 3.59 4.67 5.144.13 4.40 4.77
CaCI2 - 3.2 T./A. 30 3.72 4.43 
 4.08 5.25 5.00 5.12
 

Average 3.66 4.55 4.10 5.19 
 4.70 4.94
 
Overall Average 3.27 4.13 3.70 4.52 5.03 4.78
 
Coefficient of Variation - Main Plots (Irr.) 30.0% 
 12.0%
 

Split Plots (Amend.
 
and Leach) 14.5%, 
 18.9%
 

Amendment LSD .05 
 0.55 T./A. LSD .10 0.77 T./A.
 



Table 12. 	 Average 1957 alfalfa hay yields (2 cuttings, oven-dry weight) for the
 

amendment and leaching treatments and 1957 irrigation rates.
 

DRAINED AREA ALFALFA YIELD SUBBED AREA ALFALFA YIELD 

Irrigation I Irrigation 

Amendment Leach 8 A.-in. 20 A.-in. Avg. I 4 A.-in. 12 A.-in. Avg. 

A.-in./A. Tons per Acre Tons per Acre 

None 21 3.14 3.70 3.42 3.86 4.20 4.03
 

None 30 3.20 3.58 3.39 4.06 3.41 3.73
 

Average 3.17 3.64 3.40 3.96 3.80 3.88
 

Krilium - 0.1% 21 2.4-1 3.84 3.13 3.86 3.56 3.71
 

Krilium - 0.1% 30 3.01 3.97 3.49 4.27 3.79 4.03
 

Average 2.72 3.91 3.31 4.07 3.67 3.87
 

Gypsum - I T./A. 21 2.99 3.68 3.33 3.L3 3.47 3.53
 

Gypsum - 1 T./A. 30 2.87 3.62 3.25 3.60 3.80 3.70
 

Average 2.93 3.65 3.29 3.59 3.63 3.61
 

Cypsum - 4 T./A. 21 2.46 4.15 3.31 4.08 3.99 4.03
 

Gypsum - 4 T./A. 30 3.09 3.16 3.13 3.32 3.56 3.44
 

Average 2.78 3.66 3.22 3.70 3.77 3.74
 

CaCI 2 - 0.8 T./A. 21 3.17 3.89 3.53 3.94 3.72 3.83
 

CaC12 - 0.8 T./A. 30 2.61 3.86 3.24 3.67 3.94 3.80
 

Average 2.89 3.87 3.38 3.80 3.83 3.81
 

CaC1 2 - 3.2 T./A. 21 3.24 3.94 3.59 4.14 3.82 3.98
 

CaC12 - 3.2 T./A. 30 3.35 3.81 3.58 4.08 4.19 4.13
 

Average 3.29 3.87 3.58 4.11 4.00 4.06
 

Overall Average 2.96 3.76 3.36 3.87 3.78 3.83
 

Coefficient of Variation - Main Plots (Irr.) 36.9% 13.6%
 
Split Plots (Amend.
 

and Leach) 9.5% 11.0%
 



Table 13. 
 Average 1958 alfalfa hay yields (3 cuttings, oven-dry weight) for the

amendent and leaching treatments and the 1958 irrigation rates.
 

DRAINED AREA ALFALFA YIELD 
 SUBBED AREA ALFALFA YIELD
 
Irrigation 
 Irrigation
Amendment 
 Leach 12 A.-in. 24 A.-in. 
Avg. None 8 A.-in. Avg.


A.-in./A. Tons per Acre 
 Tons per Acre
 

None 4.99 4.60 5.38 5.23 5.31

21 4.21 


None 5.12 4.46 5.58 4.89 5.24

30 3.79 


Average 
 4.00 5.06 4.53 5.48 5.06 5.27
 
Krilium - 0.1% 
 21 3.48 5.12 4.30 
 5.33 4.67 5.00
Kriliumn - 0.1% 30 
 4.21 5.24 4.73 
 5.10 5.57 5.34
 

Average 
 3.84 3.18 4.51 5.22 5.12 5.17
 
Gypsum 1 T./A. 
 21 .53 5.US : .29 5.08 4.89 4.99
 
Gypsum 1 T./A. 30 
 4.00 i.25 4.63 5.48 
 5.06 5.27
 

Average 
 3.77 D.15 
 4.40 5.28 4.97 5.13' 
Gypsum 4 T./A. 
 21 3.11 
 _'70 3.91 5.34 5.32 5.33
 
Gypsum 4 T./A. 
 30 3.35 5.05 4.20 5.63 5.19 5.41
 

Average 
 3.23 4.87 
 4.05 5.48 5.26 5.37
 
CaCI2 - 0.8 T./A. 21 4.11 4.67 
 4.39 5.17 
 4.86 5.02
CaC12 - 0.8 T./A. 30 3.60 5.06 4.33 5.75 5.58 5.67
 

Average 
 3.85 4.86 4.36 
 5.46 5.22 5.34
 
CaCI2 - 3.2 T./A. 21 3.86 5.33 4.60 5.14 
 5.40 5.27
CaCI 2 - 3.2 T./A. 30 4.15 5.13 
 4.64 5.13 5.48 5.31
 

Average 
 4.00 5.23 4.62 5.14 5.44 5.29
Overall Average 
 3.78 5.06 4.42 
 5.34 5.18 5.26
 
Coefficient of Variation 
- Main Plots (Irr.) 17.2% 0.9%
 

Split Plots (Amend.
 
and Leach) 8.4% 
 6.5%
 

Leach 
 LSD .05 Not Significant 
 0.20 T./A.
 



Table 14. Average 1959 alfalfa hay yields (2 cuttings, oven-dry weight) for the 1952
 
amendment and leaching treatments and 1959 irrigation rates.
 

DRAINED AREA* ALFALFA YIELD, UBBED AREA* ALFALFA YIELD 

Amendment Leach None 
Irrigation 

12 A.-in. Avg. None 
Irrigation 
12 A.-in. Avg. 

A.-in./A. Tons per Acre Tons per Acre 

None 21 3.00 3.25 3.12 3.8 3.26 3.22 
None 30 3.23 3.15 3.19 3.15 3.32 3.23 

Average 3.11 3.20 3.15 3.17 3.29 3.23 

Krilium  0.1% 21 3.23 3.40 3.31 2.23 3.34 2.78 
Krilium - 0.1% 30 2.93 3.64 3.28 3.21 3.34 3.28 

Average 3.08 3.52 3.30 2.72 3.34 3.03 

Gypsum - I T./A. 21 3.18 3.65 3.42 3.03 3.34 3.19 
Gypsum - I T./A. 30 3.18 3.23 3.20 2.89 3.00 2.95 

Average 3.18 3.44 3.31 2.96 3.17 3.07 

Gypsum  4 T./A. 
Gypsum - 4 T./A. 

21 
30 

3.34 
3.00 

3.44 
3.35 

3.39 
3.17 

3.03 
1.70 

3.39 
3.05 

3.21 
2.37 

Average 3.17 3.39 3.28 2.36 3.22 2.79 

CaCI 2 - 0.8 T./A. 21 3.07 3.35 3.21 2.81 3.15 2.98 
CaCI2 - 0.8 T./A. 30 3.06 3.44 3.25 2.81 3.46 3.13 

Average 3.06 3.39 3.23 2.81 3.30 3.05 

CaCI 2 - 3.2 T./A. 21 3.43 3.45 3.44 3.11 3.67 3.39 
CaC12 - 3.2 T./A. 30 2.94 3.37 3.16 3.21 3.16 3.19 

Average 3.18 3.41 3.30 3.16 3.41 3.29 
Overall Average 3.13 3.39 3.26 2.86 3.29 3.07 

Coefficient of Variation - Main Plots (Irr.) 48.0% 4.6% 
Split Plots (Amend. 

and Leach) 8.9% 11.7% 

Irrigation LSD .01 Not Significant 0.1 T./A. 

*Pumping 
to produce a water table difference between areas was discontinued in 1959.
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Table 15. 
 Average 1960 alfalfa hay yields (2 cuttings, oven-dry
 
weight) for 1952 amendment treatments.
 

DRAINED AREA* r SUBBED AREA* 
AmendmEnt ALFALFA YIELD ALFALFA YIELD
 

Tons per Acre Tons per Acre
 

None 
 3.9 
 3.7
 
Krilium- 0.1% 
 4.1 
 4.1
 
Gypsum - 1 T./A. 4.3 4.1
 
Gypsum - 4 T./A. 4.1 3.8
 
CaCI 2 - 0.8 T./A. 4.2 
 3.8
 
CaCI 2 - 3.2 T./A. 4.1 
 3.4
 

Average 4.1 
 3.8
 

Table 16. 
 Average 1961 Otis barley yields for 1952 amendment
 
and leaching treatments.
 

DRAINED AREA* 
 SUBBED AREA*
 
BARLEY YIELD BARLEY YIELD 

Leach (A.-in./A.) Leach (A.-in./A.) 
Amendment 
 21 30 Avg. 21 30 Avg.
 

BUSh1:iS pcr Acre Bushels per Acre
 
None 48.1 ,0.8 
 44.4 56.8 70.8 63.8 
Krilium - 0.1% 60.4 58.1 59.2 71.5 77.5 74.5
 
Gypsum - I T./A. 50.4 52.8 51.6 63.8 77.7 
 70.8
 
Gypsum - 4 T./A. 53.3 56.9 55.1 72.8 82.9 77.8
 
CaCI 2 - 0.8 T./A. 49.8 49.2 49.5 
 73.0 69.1 71.1
 
CaCI 2 - 3.2 T./A. 49.3 48.1 48.7 
 73.8 77.8 75.8 

Average 51.9 51.0 
 51.4 68.6 76.0 72.3
 

Table 17. 
 Average 1962 Otis barley grain yields for the fertilizer
 
and irrigation rates on the reclaimed plots. 

DRAINED AREA* SUBLBED AREA* 
BARLEY YIELD 
 BARLEY YIELD
 

Fertilizer Irrigation (A.-in./A.) Irrigation (A.-in./A.)
Application 16 24 Avg. 8 16 Avg.


Pounds per Acre Bushels per Acre Bushels per Acre
 

0 47 59 53 72 60 66 
50 N 69 77 73 73 85 
 79

lOON 56 87 72 83 91 87 
50 N+ 50 P20 5 71 71 71 7971 74 
100 N + 5--P 5 85 77 81 81 90 86 

Average 65 74 76
69 80 78
 
Fertilizer and Rate LSD .05 8 Bu./A. 12 Bu./A. 

.01 9 Bu./A. Not Significant
 
Fertilizer x Irrigation LSD .05 
 12 Bu./A. Not Significant 

.01 15 Bu,/A. I Not Significant 



Table 18. Average 1963 Park oat grain yields for the 1952 amendment and leaching treaments
 
and 1962 fall chiseling treatment.
 

DRAINED AREA* OAT YIELD SUBBED AREA* OAT YIELD 
Not Not 

Amendment Leach Chiseled Chiseled Av$. Chiscled Chiseled Avg. 
A.-in./A. Bushe Is per Acre Bushels per Acre 

None 21 78.0 101.2 86.9 127.2 i14. 1 121.0 
None 30 89.8 1OQ.8 99.3 123.6 116.S 121.2 

Average 	 83.9 10,.0 94.5 13.9 115.8 121.1 

Krlium - 0. 1, i0.'. 11. 321 99.7 o 107.7 95.1 101.4 
k!ri.lium - 0.17, 30 101.8 139.8 120.8 146.5 133.8 141.3 

AveragL, 100.7 121 .6 i11." 127.i 115, '4 121.2 

Cwn~mm 	 - 1 T./A. 21 100.2 86. 0 3.3 1J .2 1 I'8. 132.8 
- I T./A. 30 101.3 10-.3 !03.3 10 122.i 113.8 

,vcragk _ ... 100.7 '5.) ' . 116.4 130.3 123.3 

tGypsuni - "'T./A. 21 88.9 1 I.1 133.1 124.8 128.9 
Gypsum - 4 T.iA. 30 109.8 04., 1. 136.1 130.4 133.2 

\verage 99.,7 102.o 1;)1.0 134.u 127.6 131.1 

CGtCl 2 T./A. 96. 146.2- 0.8 21 , 88.7 93.6 129.4 137.8 
CaC1 2 - 0.8 T./A. 30 97.2 115.7 IO0. 126.3 119.7 123.1 

Average 	 97.9 102.2 100.0 1.3 124.5 130.4 

CaCI, - 3.2 T./A. 21 114.i 1o3.) I,., 125.o 131.8 128.7 
CzlCI12 - 3.2 T.!IA. 0 97.0 1-I.;, 101.8 .8 125.9 131.4 

Average 105.5 10A.9 105. ,i.2 130.0(-_ L28.8 

Amendment Average 98.0 105.4 101.7 12.7 - 123.7 126.2 
21" Leach Average 96.6 99.0 97.8 127.8 122.4 125.1 

30" Leach Average 99.5 11t.8 !uo 129.5 125.1 127.3 

Amendment x Leach LSD .05 Not SigniiiCIt 25.5 Bu./A. 

*Continuous pumping to produce water table difturence discontinued.
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Table 19. 	 Average 1964 Park oat grain yields for the 1962
 
fall chiseling treatment.
 

Tillage DRAINED AREA* I SUBBED AREA 
Treatment OAT YIELD OAT YIELD 

Bushels per Acre Bushels per Acre 

Not Chiseled 42.4 39.2 

30-In. Chisel 41.1 34.7 

Average 41.7 37.0 

Tillage LSD .05 Not Significant 3.9 Bu./A. 

*Continuous pumping to produce water table difference discontinued.
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