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ABSTRACT

A saline-alkali soil from central Arizona was used 
to fill 40 columns 91.2 cm high and 25.4 cm in diameter.
The soil in half of these columns was treated with 18,900 
liters/hectare of concentrated (93%) sulfuric acid. The 
soil in all of the columns was leached with 3 0 cm of water. 
Cajeme 7 0 wheat was found to be the most salt tolerant of 
the seven Mexican wheat cultivars evaluated. The salt 
tolerance of this cultivar was nearly equal to that of 
Arivat barley.

In a second experiment, four columns from the check 
plots of the first experiment were used as the control and 
the remaining 36 received a combination of three rates of 
sulfuric acid and three rates of water for leaching, 0, 
18,900, and 37,800 1/ha, and 30, 60, and 120 cm, respec
tively. Cajeme 7 0 wheat and Arivat barley were seeded in 
all columns.

The visual physical, as well as chemical, properties 
of the soil improved with acid application. The high 
leaching regime resulted in a reduction of crust thickness 
to 1 to 2 mm. Also, crusts appeared to separate from the 
soil, thereby improving seedling emergence.

High sulfuric acid levels with low leaching resulted 
in a high salt accumulation in the upper 50 cm of soil.

' xi
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Wheat root and shoot weight were highest in plots receiving 
18,900 liters sulfuric acid/ha with 120 cm leaching and 
27,800 liters acid/ha with 30 cm of water for leaching, 
respectively, Total seedling weight was highest for both of 
these treatments.

The electrical conductivity, sodium content, and pH 
were affected differently to a significant extent at 
different depths by the same treatment. On the average, 
different treatments had different effects on the chemical 
properties of the soil at the same depth, but the differ
ences were not statistically significant.



INTRODUCTION

The incidence of starvation is expected to increase, 
unless there is a dramatic upward change in the amount of 
food produced in the world. This in large measure is the 
result of rapid world population growth. Increased food 
production may be achieved by bringing new land under 
cultivation or by improving the productivity of presently 
used land. In irrigated deserts soil may sometimes be 
improved with soil amendments, also some soils too saline 
and alkaline for use at present may be reclaimed with soil 
amendments. Sulfuric acid is one of the most useful soil 
amendments.

The rising concern about air pollution is fostering 
efforts to clean up the air by different means. In Arizona 
sulfur dioxide from copper smelting is one of the most 
objectionable pollutants. In the process of removing sulfur 
dioxide, sulfuric acid will be produced in huge amounts and 
will become available at a lower cost.

Most alkalinity and soil crusting problems occur in 
arid zones where water is in short supply. It is essential 
in these areas to use water as efficiently as possible.
Some crops, especially those with small seeds, require 
several irrigations for stand establishment. Some workers 
(Robbins, Carter, and Leggett, 1972; Wudiri, 1973) and



others have attempted to solve the crusting problem by 
treating the surface soil with various amendments. When 
sulfuric acid was applied, salt accumulation in the seed 
zone inhibited germination, even though crusting was 
reduced.

Massive applications of sulfuric acid have often 
been used in soil reclamation. The improved soil tilth and 
especially improved plant-soil-water relations resulting 
from these applications make them appear promising.

In this study concentrated sulfuric acid (93%) was. 
applied to soil in columns. The soil used was obtained from 
slick spots in a central Arizona field. In the first 
experiment one leaching and two acid regimes were used.
After application, seven Mexican wheat cultivars and one 
barley cultivar were seeded. In the second phase of this 
study Cajeme 7 0 wheat and Arivat barley were grown in soil 
columns that had been subjected to a combination of three 
acid and three leaching levels.

The principal objectives of this research were:
1. To reclaim a previously unproductive saline-alkali 

soil, '
2. To find experimentally the minimum amount of 

leaching for reclamation of this soil.
3. To assess the effect of sulfuric acid application 

on the soil salt content.
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4. To find a salt tolerant high yielding spring wheat 

cultiyar for use in semi-arid lands„
5. To compare the wheat.cultivars selected with Arivat 

barley, for salt tolerance.



REVIEW OF LITERATURE

World Population and the Food Problem
The Population Reference Bureau (Anonymous, 1972) 

reported the world population as being 3,782 million and 
growing at an average annual rate of 2.0%. The projections 
for 1985 show a figure of 4,933 million people. The re
quired time to double the present world population is only 
3 5 years. For the 160 countries reported, the higher growth 
rates (3.4, 3.6% and over) occur in arid or semi-arid areas 
and other regions of the earth having limited resources. 
Rhoad (1973) stated that 60% of the population in developing 
countries suffer from the "hidden hunger" of protein defi
ciency or malnutrition. Kwashiorkor and marasmus, along with 
other debilitating nutritional diseases, affect a large part 
of this proportion of the population in these countries. In 
recent reports, June, 1973, articles in many reviews and 
journals describe the dreadful, fast spread of famine in 
Western African countries. This has resulted from the food 
shortage brought about by drought. The drought is caused by 
the southward expansion of the Sahara (African desert).

F.A.Oi (1972) reported an increase of only 1 to 2% 
in food production in the developing countries for 1971.
This is well below the goal of a 4% annual growth rate. The 
actual rate of increase in food production is significantly



less than the 3 to 3.6% annual population increase. The 
developed countries, however, had an average increase of 6% 
which brings the world production of agricultural, fishery, 
and forestry commodities to 3% above the average world 
population growth of 2%, thus giving a misleading relatively 
favorable trend of food production in relation to population 
increase.

According to F ,A .0, preliminary figures for 1972, 
the rate of production increase in the developing countries 
has not improved, The F.A.O, concludes that there is no 
doubt that developing countries will have to work harder if 
the goals set for this decade are to be realized. The prob
lems of undernutrition and malnutrition are common to all 
developing countries. In a 1957-1959 survey the F,A,0 
found that per capita calorie,supplies were 7% short of the 
minimum requirements as recommended by the F.A.O. committee 
in 1957, In order to provide enough food for the growing 
population, and to meet progressively the needs of the dis
advantaged groups for a diet of a better nutritional 
quality, an estimated increase of 7 5% in production for the 
period 1965-1980 has to be achieved. At the 1971 rates, 
only 15 to 30% increase can be achieved from 1965 to 1980.

Wheat Importance and Production
Leonard and Whitney (1950), Hughes and Henson 

(1957a), Wilson and Richter (1962), Martin and Leonard



(1968), and others have stated that wheatr Triticum sp., is 
the most important cultivated crop in the world„ Although 
it originated in Southern Asia, it can be produced under a 
wide.range of climatic conditions extending from the heights 
of Tibet to the lands on the Mediterranean shores. In 
almost all areas of the world wheat is used primarily for 
human food, It is also one of the most common staple foods 
of the world (Delorit and Ahlgren 1967; Horsfall, 1966; 
Hughes and Henson, 1957a; Martin and Leonard, 1968; Rhoad, 
1973; Leonard and Martin, 1963).

Leonard and Whitney (1950) and others reported that 
wheat was grown in the Middle East as early as 15,000 B,C, 
Tucker and Abbott (1960) pointed out that archaeologists 
found carbonized grains of wheat in Egypt, Iraq, Pakistan, 
Turkey, and in ruins of the Lake Dwellers in Switzerland,
The two types of carbonized wheat kernels were about 67 00 
years old (Hughes and Henson, 1957b), One of these was 
Einkorn and the other appeared to be like some wild wheat 
still growing in some areas of the world.

As early as 300 B.C., Theophratis described both 
hulled and naked wheat species grown at that time. Delorit 
and Ahlgren (1967), among others, pointed out that ancient 
civilizations of Babylon, Egypt, Rome, Greece, and later 
Northern and Western Europe were based on wheat as a main 
food source. By way of summary, Pearson (1967) reported 
that wheat had been used as food for at least 6000 years.



The wheat varieties presently grown probably came 
from early types improved over the years by hybridization, 
mutation, and selection. Today the leading wheat producing 
countries are the United States, the U.S.S.R., Canada,
China, India, France, and Italy (Carpenter, Haas, and Milesp 
1952; Wilson and Richter, 1962; Martin and Leonard, 1968). 
F.A.O (1972) estimated the total world wheat output at 353 
million tons in 1971. This is 11% more than in 1970 and 6% 
higher than the previous record of 1968.

In the United States where wheat is 80% winter and. 
20% spring types, the leading states in wheat production are 
Kansas, North Dakota, Montana, Nebraska, Oklahoma, Illinois, 
Colorado, and Washington (Leonard and Whitney, 1950; Pearson 
1967),

In Morocco where wheat jbs the main staple food (34 
to 3 6% of household food budget) of most of the population, 
durum wheat accounts for 1.2 million and soft wheat for 0.6 
million hectares. Both species are of spring type and 
occupy over 20% of the arable land. High yielding Italian 
and Mexican varieties are being introduced and new ones 
derived from their crosses with local varieties are being 
produced under irrigation in semi-arid regions of the South
west (Anonymous, 1971).

Johnson (1969) and others pointed out that in the 
future, with the world population increase rate, wheat will



play an even greater role in providing food for the people 
than at present.

Moisture Stress and Wheat Production 
Bauer and Young (1969) reported that, spring wheat 

could withdraw water from soil without root restriction, to 
depths of at least 1.52 m, although on the average only 91.2
cm was depleted of available water at harvest. In 1955 and
1957 experiments, Robbins and Domingo (1962) found that severe 
moisture stress resulted in yield depressions of 10 to 35% 
in irrigated spring wheat. The greatest reduction occured 
when stress was imposed during the maturing process just 
after heading. On the same line of thought. Power et al.
(1961) observed an increase of dry matter production at all
stages of growth when soil moisture was increased. Hanks 
and Thorp (1957) pointed out that soil crust strength 
limiting seedling emergence of wheat, grain sorghum, and 
soybeans was dependent on the type of soil and soil moisture 
content. They also noted that at a given soil moisture 
content seedling emergence of the three crops decreased with 
increased crust strength. In a previous experiment (Hanks 
and Thorp, 1956), they found that the lower the moisture 
content, the lower the limiting crust strength for wheat 
seedling emergence. Terman et al. (1969) proved that 
moisture supply was the chief factor influencing response to 
applied nitrogen. They observed a consistently lower



protein content with adequate moisture, in which case the 
entire effect of added nitrogen was to increase grain yields 
of wheat. Similarly, Fernandez and Laird (1959) found that 
wheat grain protein content was lowest in the highest 
moisture and highest in the lowest moisture treatment. They 
also reported an increase of 85% in grain and 187% in straw 
yield for heavily fertilized wheat with the yield advantage 
attributed to soil moisture differences. They found that an 
available soil moisture of 3 0% or more had to be maintained 
for maximum grain yields.

Power et al. (1961) measured an increase in the 
plant nitrogen concentrations at the later stages of growth 
when precipitation or soil moisture content was reduced.
They deduced that added moisture could increase root growth/ 
thus increasing absorption of fertilizer and soil nitrogen. 
Similarly Soil moisture, seasonal precipitation, and phos
phorus fertilization increased total nitrogen uptake. . They 
also suggest that moisture may increase nitrogen availability 
by increasing nitrification of soil N and/or by increasing 
the ability of unit plant root surfaces to absorb N by 
affecting metabolic activity of the plant. At soft dough 
and harvest, dry matter production and nutrient uptake were 
closely related to moisture use. For all treatments, 
moisture use between dough and harvest stages was "extremely 
low." Greenway (1962) found that shoots of sensitive barley 
cultivars grown in high salt concentrations contained more
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chlorine and sodium and less potassium than those resistant 
cultivars. He theorized that salt tolerance of barley 
cultivars was related to an ability to regulate their ion 
'contento

Problem Soils and Their Reclamation in 
Semi-Arid Regions

Fuller (1962) states that 55% of the earth's land 
is in arid or semi-arid zones. The accumulation of salt and 
sodium in excessive amounts in these areas constitutes a 
serious problem for agriculture. He also stressed that 
abandoned irrigated farms are common due to development of 
saline and alkali conditions. As early as 1932 Breazles and 
McGeorge pointed out two types of "infertility" in the soils 
of the Southwest, both caused directly by alkalinity. They 
found that plants cannot absorb phosphate or nitrate ions 
from solutions "of greater alkalinity than that represented 
by approximately pH 7.6." They refuted the idea that 
toxicity of alkali soils is due to high content of "black 
alkali." They concluded, instead, that it was the complete 
absence or great deficiency of carbon dioxide in black 
alkali soils that was the greatest factor causing low 
fertility in these soils. More recently, Cairns, Milne, and 
Bowser (1962) compared many Solonetz and Solod soils, and 
found that a nutritional disorder due to N deficiency devel
oped in the crop they grew on these soils. The stress was
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so severe that the alkali Solonetz wouldn't even sustain the 
growth of barley seedlings.

Thorne and Peterson (1954) pointed out that saline 
soils can be reclaimed easily by leaching, provided adequate 
drainage exists. Alkaline and saline alkali, however, re
quire chemical amendments such as gypsum, sulfur, sulfuric
acid, lime sulfur, iron sulfate, and limestone before any
efficiently corrective leaching can. be done. The chemical 
reactions of the amendments in soil reclamation are as 
follows: -

Gypsum: CaSO^ + 2Na/ / - ^ Ca/ / + NagSO^

Sulfur: 2S + 302 + 2H^O ^ 2H2SOi

Sulfuric acid see next section.

Lime sulfur: CaSc + 800 + 4Ho0 ^ CaSO. + 4H.SO.D z Z -----  4 2 4
Iron sulfate: FeSO^ = H20 ^ H2SO^ •+ FeO

Limestone: 2Na/ / + CaCO^ -— ^  NagGO^ + Ca/ /

Na/ / + H „ 0 -NaOH + Ca/ /z ---
CaC03 + 2H/~ 7 ^  Ca/ 7 + C02 + H^O

On the other hand Allison and Moore (1956) reported that
both VAMA and HPAN conditioners applied at 0.025 to 0.20% 
were effective in reducing soil hardness or the crusting 
tendency of high sodium soils. They specified, however, 
that VAMA was more effective than HPAN. Robbins et al.
(1972) found that application of 69 kg of phosphorus applied
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as diluted phosphoric acid in liquid volumes of 650 (24%) to 
1300 (12%) liters per hectare reduced crusting by increasing 
aggregate stability in the soil surface. It also increased 
sugarbeet seedling emergence and provided the phosphorus 
needed by sugarbeet plants.

Use of Sulfuric Acid for Soil 
Reclamation

. For many years elemental sulfur and sulfur--bearing 
chemicals have been used as alkali soil amendments. Sulfur, 
sulfuric acid, and other acid-forming soil amendments 
(aluminum sulfate, ferrous and ferric sulfate) release 
soluble calcium to form gypsum (CaSO^) when sufficient 
amounts of limestone rock (calcium carbonate) are present in 
the soil. Once released, the calcium replaces the adsorbed 
sodium through cation exchange and forms sodium sulfate 
(Na2S0 )̂ which can be removed easily from the soil provided . 
there is good drainage to make leaching possible (Bear, 1942? 
Kelley, 1951; Overstreet, Martin, and King, 1951; Branson 
and Fireman, 1960; Amburgey, 1963; Fassulo, 1965). Sulfur, 
when applied as an element, is gradually converted to 
sulfuric acid in the soil by bacteria (Richards, 1954).

Kelley (1951) reported that Lipman and Sharp were 
the first workers to use sulfuric acid in the reclamation of 
alkali soils. They observed that germination and emergence 
were improved when sulfuric acid was applied to the soil 
surfaces in adequate amounts. This work was done about 1915
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near Kearney Park in California. Johnson and Law (1967) 
observed a reduction in soil crusting and an increase in 
seedling emergence of 42 to 50% in sugarbeets when 160 to 
375 1/ha of concentrated sulfuric acid was applied in 3.8 to 
5 cm bands immediately after planting. More recently 
Mathers (197 0) found that yield of hybrid sorghum (Sorghum 
sp.) grown in the greenhouse as well as in the field in
creased when sulfuric acid and ferrous sulfate were applied 
to the calcareous soil they used.

Johnson and Law (1967), as well as other researchers, 
pointed out the main objections to the use of sulfuric acid . 
and cautioned as to the dangers involved in handling and 
applying sulfuric acid. Other workers mentioned the high 
cost and the problems involved in transportation and storage; 
of highly concentrated sulfuric acid (Kelley, 1951). Johnson 
and Law (1967), although they effectively controlled crusting 
by application of sulfuric acid at various rates in 5 cm 
bands on seeded rows, did not recommend this practice be
cause application hazards to men and equipment were high.

Thorne and Peterson (1954) listed the types of 
possible chemical reactions on calcareous soils with sulfuric 
acid s

1. H2S04 + CaC03  ---^ CaS04 + H^O + C02

2. ^2^04 2CaCOg ——— CaS04 + Ca (HCOg) 2

Ca(HCOg)2 + 2Na/ 7 -— ^  Ca/ 7 + 2NaHCOg.
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They pointed.out that in the first reaction, one equivalent 
of acid releases one equivalent of soluble calcium, while in 
the second reaction one equivalent of acid releases two 
equivalents of soluble calcium. Kelley (1951) suggests 
that about 1.5 equivalents of soluble calcium result from 
each equivalent of acid. However, the U.S. salinity Labora
tory conducted studies which indicated that the acid has no 
chemical equivalent advantages over gypsum in sodium reclama
tion.

Studying the effect of dilute sulfuric acid on 
eleven minerals of fine sand size. Burger (1969) reported 
that calcium from weathered minerals was released from 
calcite, dolomite, apatite, bytownite, diopside, grossula- 
rite, labradorite, augite, hornblende, oligoclase, and 
albite, in decreasing rates in that order. He deduced that 
release of calcium is related to calcium content and struc
ture of minerals.

In an unpublished paper Strohlein (n.d.) stated that 
acid application to alkali soils of Arizona will correct 
many nutritional deficiencies for most crops, and will make 
the production of acid loving plants possible.



MATERIALS AND METHODS

First Experiment 
The first experiment was conducted in a 15,24 x 

15.24 m area enclosed within cement block walls 2.44 m high.
A 2.54 cm mesh wire netting was laid over the enclosure for 
protection from bird damage.

After study of analyses of seven problem soils, a 
soil from central Arizona (48 km west of Phoenix? Wade farm) 
was selected for this experiment. This soil, which did not 
sustain any vegetation, was obtained by shovelling to a 10 cm 
depth after previous plowing, disking, and furrowing. The 
soil was transported to the Campbell Avenue farm of The 
University of Arizona. Two representative samples for 
detailed analyses and four for moisture content were taken 
from the 3 000 kg of bulk soil.

Mechanical analyses indicated that soil was a silty- 
clay loam containing 21.8%, 59.8%, and 18.4% clay, silt, and 
sand, respectively. These data and other information con
cerning the soil used in this experiment are given in Table 1. L .

Calibration of Instruments
Twelve Coleman blocks were calibrated using tap 

water at temperatures from 7 0 C. to 0 C. The readings were 
converted from milliamps to ohms and the averages were

15
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Table 1. Analysis of the soil used in the first experiment.

Clay 21.8 0%
Silt 59.80%
Sand 18.40%
PH 8.3
Total soluble salts 12,928 ppm
ECe 103 20.2 mmhos
C E C 15.20 meg/100 g
Ca + Mg 11.90 meg
Ca 7.04 meg
Air dry soil moisture content 12.7%
Saturation percentage 3 5.0%

plotted on three cycle log paper as resistances versus 
temperatures to convert meter readings to temperature.

One hundred and twenty Bouyoucos moisture blocks 
were soaked in tap water for 24 hours and then buried in a 
representative sample of dry soil at depths of 2,5, 5, and 
10 cm. The equipped container was weighed before and after 
saturating the soil and after allowing it to dry to field 
capacity. The per cent water content was calculated from 
these data. Next, resistance readings of the blocks were 
taken daily along with the weight of the container until the 
change in weight was negligible and readings dropped to zero, 

A graph of moisture block readings versus moisture 
content was prepared and used to convert block readings to
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per cent soil moisture content during the course of both 
experiments 1 and 2.

Experimental Layout
The first experiment was designed as a completely 

randomized block to evaluate the effect of two levels of 
sulfuric acid and one level of leaching on seven cultivars 
of Mexican wheat and to determine their relative salt toler
ances. Arivat barley was used as a check cultivar. The 
forty soil columns were arranged as shown in Figure 1.

The columns used.for this experiment were 91 cm high 
and had an inside diameter of 25.4 cm. Each column was 
lined with a plastic "tube section" which was partially 
inserted in a plastic bag with a 0.63 cm plastic tube fitted 
into the lid of a 3.786 1 jar. Each jar was placed in a 
hole at the base of the soil column to collect the leachate. 
Three Bouyoucos blocks were placed in the soil of each 
column at 25, 50, and 75 cm depths, respectively, as shown 
in Figure 2„

Acid Application, Leaching, Seed Bed 
Preparation, and Seeding

From the soil analysis (electrical conductivity and 
ppm of salts) the amount of sulfuric acid needed for the 
reclamation of the top 45 cm of soil was computed as 
follows:

Total soluble salts: 12,928 ppm.
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Figure 1. Layout of first experiment.
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Saturation percentage: 3 5% (10 kg of saturated soil
contained 3„5 kg [1] of water)„

Air-dry soil: 12.7% moisture.
Approximate weight of the top 45 cm soil for a hectare:

10, OOOrn̂  x 0.45m x 1,50 kg/dm^ x 1,000 dm^/m"^ =
6.75 x 10^ kg
19,4 mmhos x lOmeq/mmhos - 3,92 meg(Ca+Mg) == 190.1 
meg of Na/liter
Saturation percentage = 35%, in 100 kg of saturated
soil there are 35 kg of water, hence 190.1 x 35 =
6653.5 meg of Na, or 6653.5 meg of Na in 65 kg of
dry soil; hence in a hectare there are: — me^- x
6.7 5 x lO^kg = 690,94 x 10^ meg of Na, To correct for
this amount of sodium, the same amount of sulfuric

6acid meg are needed, i.e., 690.94 x 10 meg or in kg: 
690.94 x 10^ x 49.04 x 10  ̂kg/meg = 33883.7 kg of 
HgSO^. Since the density of sulfuric acid is 1.93 
kg/liter 17,556.3 liters (̂ i'ffkg/l^ of 100% 
sulfuric acid is required. Since the acid used in 
this experiment was 93%, °̂  1 = 18,877.7 1/ha
were applied.

2For the soil columns (surface area of 0.0507 m ) 95.71 cc
were applied per column after dilution to 2.17% concentra
tion. The diluted solution was prepared by pouring 1.05 1 
of 93% acid into a 49.4 1 container and completing to volume 
with tap water. Then 4.11 1 were applied to each of 20
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columns previously selected at random. All 40 columns re
ceived a 3 0 cm leaching with tap water.

Three days after leaching a reversed bottle was used 
to shape a circular bed with the central hole as a furrow. 
This was done to get maximum bed length in the soil-columns. 
Following seedbed preparation, phosphorus and nitrogen were 
applied at rates equivalent to 85 kg PO^ and 50 kg of N per 
hectare, respectively. The phosphate fertilizer was applied 
in a liquid form while the nitrogen was applied as granular 
ammonium nitrate, then both were incorporated in the seedbed.

On March 23, 1973, seven varieties of Mexican wheat 
(Cocorit 71, Saric 70, Cajeme 70, Siete Cerros, Vicam 71, 
and Yecora 70) were planted with Arivat barley as a check in 
all plots. Six seeds of each variety were planted at each 
location with a spacing of 10 cm between locations. The 
varieties were identified by a color coding detailed in 
Table 2.

After nine days, germination counts were taken and 
quality of seedlings was appraised on a four rated scale 
based on turgidity, color, shape, and size of individual 
plants. The average for seedlings of each variety was 
computed as a percentage of "normal healthy plants" and 
reported with per cent germination. On the 19th and 29th 
day after seeding, surviving plants were counted.



Table 2. Color
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coding for wheat and barley cultivars.

Cultivar Color code
Arivat (barley) Orange
Cajeme 7 0 Yellow
Cocorit 71 White
INIA 66 Wooden stick
Saric 7 0 Blue
Siete Cerros Red
Vicam 71 Green
Yecora 7 0 Pink

Second Experiment

Column Preparation
After completion of the first experiment, soil in 

the columns was leveled with the surface being about 12 cm 
from the top of each tile. This was done in preparation for 
acid application and leaching. . Soil samples were taken at 
5, 25, and 50 cm depths and analyzed for electrical conduc
tivity, pH, total soluble salts, sodium content, and EDTA 
(Table 3).

Experimental Layout
The treatment combinations of three levels of acid 

(H2SC>4) and three leaching (tap water) regimes are shown in 
Table 4. These treatments were applied in a completely 
randomized distribution among the forty soil columns 
(Figure 3) ,



Table 3o Effect of sulfuric acid and leaching on electrical conductivity, sodium, 
pH, and Ca + Mg at three soil depths for ten treatment combinations.

EC x 103 ' 
(iranhos)

Sodium • 
(ppm) PH

Ca + Mg 
(meq)

T rea t
ment

5 ^  . 25 50 5 25 50 5 25 50 5 25 50

ai/ a! / B A B A B A B A B A B A B A B A B A B A B A

Vo 18.12 15,62 12.20 10.68 13.32 12.36 1332 1224 1092 1086 1056 956 8.3 8 .1 8.3 7 .9 8.3 7 .9 - 7.72 3.44 5.32 4.84 5.76 5.48

Vi 18.12 3,32 12.20 6,60 13.32 6.32 1332 448 1092 828 1056 784 , 8 .3 8 .1 8 .3 7 .9 8 .3 7 .9 7.72 1.24 5.32 2.44 5.76 2.08

A0L2 18.12 2.48 12.20 5.68 13,32 6.60 1332 228 1092 672 1056 92d 8.3 8 .1 8.3 8 .0 8.3 8 .0 7.72 1.52 5.32 2.20 5.76 2.20

V 3 18.12 4.28 12.20 4.52 13.32 5.80 1332 232 1092 444 1056 624 8 .3 7 .8 8.3 8 .0 8.3 7 .9 7.72 4.78 5.32 2.80 5.76 3.76

Vi 17.88 7,68 19.62 12,16 12,32 15.40 1272 440 1212 820 1860 1340 7 .6 7.3 8 .1 7 .4 8 .1 7 .8 16.08 15.20 15.42 14.40 15.30 14.00

A1L2 18.04 12.52 17,36 7,68 11.92 12,04 1312 480 1171 872 1324 676 8 .0 7.3 8 .1 7 .7 8 .1 7 .8 10.48 16.56 11.82 11.52 10.70 10.88

Vs 17.96 9,20 18.49 9.28 12.12 10.80 1292 204 1135 676 1592 '1092 7 .8 6 .9 8 .1 7 .8 8 .1 7 .8 13.28 11.92 12.12 9.80 13.00 8.80

Vi 17.80 17.96 20.75 21,00 12,52 22.84 1252 496 1261 1344 2128 1736 7 .4 5,3 8 .1 7 .6 8 .1 7 .7 18.88 16.56 18.72 19.92 17.60 18.03

A2L2
17,80 9,44 20,75 13,36 12,52 16,84 1252 308 1261, 892 2128 1488 7 .4 7 .2 8 .1 7 .5 8 .1 7 .5 18.88 12.86 18.72 14.28 17.60 16.40

A2L3 17.80 9.76 20.75 9 ,96 12,52 15,40 1252 . 240 1261 480 2128 942 7 ,4 7 .1 8 .1 7 .5 8 .1 7 .5 18.88 15.56 18.72 15.53 17.60 17.10

l^Soil sampling depth in centimeters,
2/ *—  Before treatment.

^After treatment e



24
Table 4, Treatment combinations of three levels of acid

(N3280.4) and three leaching regimes applied to the 
soil in the second experiment.

0 
1—1 0 
< no acid, no leaching

AoLr no acid. + 30 cm of leaching

A0L2; no acid, + 6 0 cm of leaching

A 0L3 s no acid, + 120 cm of leaching

A1L15 18,878 1 of acid per hectare + 3 0 cm of leaching

ir1 ro 18,878 1 of acid per hectare + 60 cm of leaching.

A1L3; 18,878 1 of acid per hectare + 120 cm of leaching

A 2L1; 37,756 1 of acid per hectare + 30 cm of leaching
A2L2; 37,756 1 of acid per hectare + 60 cm of leaching

A2L3S 37,756 1 of acid per hectare + 120 cm of leaching
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ROTATED AT RANDOM

'4 SEEDS PER SPOT

WHEAT

TOP VIEW OF A SOIL COLUMN IN THE SECOND EXPERIMENT.

Figure 3. Layout of second experiment.



Stand Establishment
As soon as the soil reached "field capacity," samples 

at 5, 25, and 50 cm depths were taken and analyzed for the 
same chemical characteristics as those obtained before 
treatments were applied (Table 3)„

Next, Arivat barley and Cajeme 70 cultivars were 
planted alternately in the south and north and west and east 
areas of the seedbed previously prepared. The seeding was 
followed by an irrigation calculated on the basis of the 
leaching regimes to compensate for the evaporation loss 
incurred during the leaching period and also to initiate 
seed germination. Thus the check received 2 cm, the first 
level of leaching 4.0 cm, the second level 6.0 cm, and the 
highest level 13.4 cm of water, The evaporation calculations 
were based on the number of days used for completing the 
leaching and the average daily evaporation computed from the 
data in Table 5.

Collection of Data
Two weeks after planting, seedlings were carefully 

removed from the soil using an 8 cm cylindrical tool. The 
soil attached to the seedling was carefully washed away on a 
fine mesh wire screen and roots and shoots were collected 
and measured. After seedlings had been collected and 
measured they were put in an air dryer for 7 2 hours at 70 C. 
They were then weighed using a Mettler balance.
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Table 5, Evaporation in cm/day from a free water surface in 

the enclosure.

Date
Evaporation

(cm)
May 8 1.15

9 0.76
10 1.22
11 1.16
12 0.71
13 0.71
14 1.21
15 0.71
16 : 0.85
17 1.10
18 1.14
19 0.85
20 1.21
21 1.17
22 1.17
23 1.10
24 0.96

average 1.10



RESULTS AND DISCUSSION

The First Experiment

Climatological Data

Temperature. Minimum and maximum daily temperatures 
are reported, for the duration of this experiment in Figures 
4 and 5, respectively„

Humidity. Daily maximum and minimum relative 
humidities are shown in Figures 6 and 7 for the period of 
the experiment.

Rainfall. Precipitation (rainfall) that occurred 
during the period of the experiment is reported in Figure 8.

Seedling Emergence
Ten days after planting, seedlings were counted and 

their visual qualities were assessed (Table 6). The 
coleoptiles of seedlings that did not emerge were found to 
be coiled just beneath the soil crust (Figures 9a and 9b).

Most seedlings that emerged had a brownish-colored 
coleoptile tip. In most cases there was a yellow spot 1 to 
4 mm long immediately below the top (Figure 10a), As the 
first leaf elongated these spots faded into light yellow 
stripes in the middle and at the end of the leaf (Figure

28



TE
MP

ER
AT

UR
E 

(C°
)

10-

6 -

4-

0-
- 2 -

- 6 -

- 8-

- 12-

- 14-
-16 30 35 40 45 5 0

DAYS

Figure 4. Daily minimum temperature 4 0 cm above ground level during the first 
experiment, beginning February 22, 1973.

roVO



TE
MP

ER
AT

UR
E 

(C°
)

36-

30-

20-

10-

3020 40 50
DAYS

Figure 5. Daily maximum temperature 4 0 cm above ground level during the first 
experiment, beginning February 22, 1973.

u>o



RE
LA
TI
VE
 

HU
MI

DI
TY

U

98-

88-

78-

68-

58-

4 8 -

38 4030 502010
DAYS

Figure 6. Daily maximum relative humidity 40 cm above ground level during the 
first experiment, beginning February 22, 1973,

u>H



RE
LA
TI
VE
 

HU
MI

DI
TY

5 0 -

4 0 -

3 0 -

20-

10-

3 020 4 0 5 0
DAYS

Figure 7. Daily minimum relative humidity 40 cm above ground level during the 
first experiment, beginning February 22, 1973.

u>ro



RA
IN

 
IN 

M
M

y<
20-
18 -
16-
14-
12-
10-
8-
6 -
4-
2-

0-Mr 20 30 i40 T50
DAYS

Figure 8. Daily rainfall during the first experiment, beginning February 22, 1973

ww



Table

i

Per cent emergence of wheat and barley seedlings ten days after 
emergence/with and without acid treatment<,

Treatments

AiLi1/
n v  ci. w y  c
(variety) . increase % Increase

Cultivars % G % Q % G % Q % G % Q % G % Q % G % Q
Barley
Arivat 85.00e 96.67 97.50c 86.67 91.25 91.67 12.5*5/ -10.00 13.70 -11.00

Wheat
Cajeme 70 58.3 Od 51.70 90,80c 81,70 74.55 65.70 32,50* 30.00 43.60 45.66
Cocorit 71 4,17a 15.00 18.33a 26.67 11.25 20,84 14.16* 11.67 125.87 56.00
INIA 66 . 39,17c 55.00 92,50c 93.33 65.84 46,65 53.33* 38.30 81.00 82.10
Saric 70 13.30b 16.67 33.33b 53.33 23.33 30.01 20.00* 26.66 85.73 88.87
Siete Cerros 66 16.67b 28.33 19.17a 26.67 17,87 27.50 2,40+ —1 • 66 13.43 —6 • 04
Vicam 71 15.00b 28.33 19.17a 25.00 17,08 26.67 4.17+ -3.33 24.42 -12.49

Yecora 70 11,67b 11,67 13.33a 33.33 12.50 22,50 1 • 66+ 21.66 13.28 96.27
Average 30,42 37.92 48,02 53.34 39.22 33,80 17.60 15.42 44.88 33.80

= No acid + 30 cm of leaching.
= 18'900 Vha (93%) sulfuric acid + 30 cm of leaching.

Highly significant| + not significant. '
Within the same column, numbers followed by the same letter are not significantly different at the 
.05 level by SNK test.
G = Germination.
Q = Quality of the seedlings.
Average, T = Average for treatments. '
Average, V = Average for varieties =
Increase » A - AQL1

^1̂1 * V l0 increase - » 100

A„L, + A1L1
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B
Figure 9. Photo showing abnormal growth of coleoptile

caused by soil crusting —  (A) With soil removed 
to show coleoptile. (B) Washed seedling showing 
corkscrew-type growth of coleoptile.



B
Figure 10. Photo showing abnormal seedling color 10 days

after emergence —  (A) Observe the yellow color 
at tip of coleoptile. (B) Note wide yellowish
stripes in leaf.
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10b)„ This coloring seemed to precede death of the plant. 
Plants turned to a grey-white color, probably because of 
physiological drought. In the final stage plants became 
desiccated and died. In the more successful treatments a 
few vigorous, healthy, bright green colored plants were 
observed. However, even these plants later showed symptoms 
of desiccation and usually died.

Seedlings were evaluated 10 days after emergence 
using the following scale;

0 — non-existant plants, ,
1 —  very weak seedlings, 2/3 or more of leaf area

desiccated,
2 -- weak seedlings 1/3 to 2/3 of leaf area desiccated,
3 —  good to very good seedlings with little or no leaf

desiccation.
Every seedling was rated according to the scale above with 
averages reported in Table 6.

Seedling emergence was calculated as a percentage 
for every cultivar and every treatment. These values were 
then averaged for each cultivar in each treatment.

Comparison of the Relative Salt Tolerance 
Among Cultivars

After analysis of the data using the analysis of 
variance for binomial distributions and separating means 
by Student-Neuman-Kuel method, it developed that Cajeme 70 
was the most salt-tolerant of the wheat cultivars. In non
reclaimed s o i l ,  Arivat barley was significantly more salt



tolerant than Cajeme 70 wheat. But after acid application 
and leaching, Cajeme 7 0 and INIA 66 performed as well as 
Arivat barley with no significant difference between the 
three. All other cultivars were significantly inferior„

Statistical analyses showed a significant increase 
in emergence for Arivat barley and for Cajeme 70, Cocorit 
71, INIA 66, and Saric 7 0 wheat when sulfuric acid was 
applied at 18,900 1/ha followed by 30 cm of leaching.
Siete Cerros, Vicam 71, and Yecora 70 seedling emergence 
and vigor were not significantly improved when grown in 
acid treated and leached soil.

Seedlings alive after 40 days were counted and 
results are reported as percentages of the original emerged 
seedlings in Table 7. There was no significant difference 
in the number of living seedlings between the treatments and 
the control. This may possibly be explained by the 
extremely high salt levels in the soil used for this 
experiment.

Effect of Reclamation on the Soil
Results of soil analyses for the 5, 25, and 50 cm 

depths, 50 days after the first treatment, are reported on 
Table 3 (p.23).

The leachate from all treatments was analyzed for 
electrical conductivity, pH, EDTA, and sodium. A summary 
of the chemical analysis is reported on Table 8.
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Table 7. Percentage of wheat and barley seedlings 

surviving, 40 days after planting.

A L 1/ AiLi1/
(%)

A1L1 A 0L1
A1L1~A0L1

Xl0°Cultivar 0 1 
(%)

Barley
Arivat 

Wheat ■
0.00 0.00 2.50

Cajame 7 0 10.01 7.34 2.66 26.60
Cocorit 71 19.98 4.55 -15.43 —
INIA 66 2.13 0.00 -2.13 -100.00
Saric 7 0 18.80 12,50 -6.30 ——
Siete Cerros 66 10.00 4.34 — 5.66 —56.60
Vicam 71 3.33 0.00 -3.33 -100.00
Yecora 7 0 0.00 12.50 12.50 ——

Average 8.31 6.10 -2.21 ——

No sulfuric acid and 3 0 cm water for leaching.
18,

leaching.
900 1/ha 93%' 'sulfuric acid and 3 0 cm water for

Table 8. Summary of chemical analyses of the leachate, 50 
days after initiation of the first experiment.

Treatment
EC x 103 
(mmhos) pH

EDTA
(ml)

Na
(ppm)

V'l17 23,55 7.3 87.89 3395
22.90 7.3 81.04 34 03

Average 23.23 7.3 84.47 3399
Difference 0.65 0 6.85 8.0
% Difference 2.80 0 8.11 . 24

sulfuric acid and 30 cm water for leaching.
-■•'i s ,

leaching»
900 1/ha 93% sulfuric: acid and 30 cm water for
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The Second Experiment

Climatdlogical Data

Temperature. Minimum and maximum daily temperatures 
are reported for the duration of the second experiment in 
Figures 11 and 12, respectively.

Humidity. Daily maximum and minimum relative 
humidity is reported in Figures 13 and 14 for the second 
experiment.

Rainfall. No rainfall was recorded during the 
second experiment.

Seedling Emergence
Since Cajeme 7 0 was found to be the most salt 

tolerant wheat cultivar it was selected for the second 
experiment. Arivat barley was also used. Seedling 
emergence and root and shoot data were collected as 
described in "Materials and Methods." Emerged seedlings 
were counted and root and shoot length and dry weight Were 
determined after 15 days« The total weight of seedlings, 
root-to-shoot ratio, and the ratios of barley to wheat for 
shoot, root, and seedling weight were computed, Detailed 
results of these determinations appear in Table 9,

On the average, root length was highest for the low 
leaching and high acid treatment. Shoot length was highest
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Table 9. Average length and weight of shoot and root of barley and wheat 
seedlings subjected to 10 sulfuric acid and leaching treatment 
combinations, 15 days after planting„

Root
length
(cm)

Shoot
length
(cm)

Root
weight
(mg)

Shoot
weight
(mg)

Seedling
weight
(mg)

R/S
(weight)

Treatinent B r W B W B . w B W B • W B w BR/WR BS/WS BSd/WSd

AoLo 3.88 4,13 5.13 5.00 27.13 26.50 16.88 15.53 44.01 42.11 1.61 1.71 0.960 1.030 1.050

V i 5,63 4,25 4.00 2,25 29.60 27.10 15.73 11.45 45.33 38.45 1.88 2.37 1.320 1.780 1.780

A0L2 8,00 4.13 3.50 6.00 33.48 23.05 7.70 21.10 41.80 44,15 4.35 1.08 1.940 0.583 0.947

A0L3 5.25 4.88 5,75 4.13 35.20 23.65 16.60 12.50 51.80 36.15 2.12 1.89 1.080 1.400 1.430

A1L1 6.75 5.88 8.00 7.75 25.73 22.35 20.60 20.00 46.33 42.35 1.25 1.12 1.150 1.030 1.090

A1L2 . 4,00 3.13 6.25 6.50 25.43 26.45 21.23 28.85 46.66 55.30 1.20 0.92 1.280 0.962 0.844

A1L3 5.00 5,50 6.00 6.75 21,20 44,95 31.70 25.86 52.90 70.81 0.67 1.74 0.909 0.889 0.747

A2L1 5,00 6; 00 11,00 10, 25 23,85 41,80 22.45 36.65 46.30 78.45 1.06 1*14 0.833 1.070 0.590

A 2L2 5.00 4.13 10.00 9.00 33.98 21.23 26.95 20.80 60.93 42.03 1.26 1.02 0.625 0.769 0.690 !

A 2L3 4,88 3,38 7.88 8,00 28.25 23.83 18,00 22,43 46.25 46.26 1.57 1*06 1.440 0.985 1.000 ;

R/S = Root to Shoot ratio. , |

BR/WR = Barley root to Wheat root ratio. 1 " I

BS/WS = Barley shoot to Wheat shoot ratio. :

TSd/WSd == Barley seedling to Wheat seedling ratio. \  .

: : ' : " : ■ ■ S
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for high acid with low and medium leaching levels„ Root 
weight was higher in plots receiving the low acid and high 
leaching treatment while shoot weight was highest for 
seedlings in the soil receiving the largest amount of acid 
and smallest amount of leaching« These differences, however, 
were not statistically significant.

Effects of the Treatments on the Soil
The surface soil in columns receiving the most 

leaching, with or without acid, formed thin crusts 1 to 2 mm 
thick which separated from the soil beneath, breaking with
out physical force (Figure 15), When the crust separation 
occurred seedling emergence was improved„

Soil samples at 5, 25, and 50 cm were analyzed 
before and after treatments were applied in the second 
experiment. Changes in electrical conductivity, pH, and 
content of sodium and calcium plus magnesium are reported 
in Table 10, Also, for each,' the percentage change is 
indicated in Table 11,

At the 5 cm depth, the average per cent reduction
of electrical conductivity in the high and medium leaching
treatments, without acid application, was significantly 
higher than in the remaining treatments. For sodium, the 
non-treated check was lowest, while soil in the high acid 
and low leaching treatment had the highest pH,- No signifi
cant differences were detected in EDTA,
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Figure 15. Photo showing folding of crust as observed in 
treatments receiving 120 cm leaching.



Table 10. Decrease in electrical conductivity, sodium, pH, and Ca + Mg at three
soil depths following acid application and leaching.

Treat
ment

EC x 10“ 
(mmhos)

1 Sodium
(ppm.) PH

Ca + Mg 
(meg)

51/ 25 50 5 24 50 5 25 50 5 25 50

oo< 2.50 1.52 0.96 108 6 100 0.2 0.4 0.4 4.28 0.58 0.28

AoLl i 14.80 5.60 7.00 884 264 272 0.2 0.4 0.4 6.48 2.88 3. 68

A 0L2 15.64 6.52 6.72 1104 420 13 6 0.2 0.3 0.3 6.20 3.12 3.56

A0L3 13. 84 7.68 7.52 1094 648 432 0. 5 0.3 0.4 2.94 2.52 2.00

A1L1 10.20 7.46 -3.08 832 390 520 0.3 0.7 0.3 1.88 1.02 1.30

A1L2 ’5.42 9.68 -0.12 830 305 648. 0.7 0.4 0.3 — 6,08 0.30 — 0.18

A1L3 8.76 . 9.21 1.32 1088 439 500 0.9 0.3 0.3 1.36 2.30 4.20

A2L1 — 0,16 -0.25 -10.32 756 -83 3 92 2.1 0.5 0.4 2.32 -1.20 -0.57

A2L2 8.36 7.3 9 4.32 944 369 640 0.2 0.6 0.6 6.04 4.44 1.20

A2L3 8.64 10.79 - 2.88 1012 781 1186 0.3 0.6 0.6 3.32 3.29 0.50

—/Soil sampling depth in centimeters.



Table 11, Per cent decrease in electrical conductivity, sodium, pH, and Ca + Mg
at three soil depths following acid application and leaching.

EC x 103 Sodium Ca + Mg
(mmhos) ' (ppm) pH (meq)

Treat
ment > / 25 50 5 25 50 5 25 50 5 25 50

V o 13.80 a 12.46 7,20 a 8.11 a .54 a .47 a 2.41 a 4.82 a 4.82 a 55.44 10.90 4.86

V i 81.67 b 45.90 52.55 a 66.37 b 24.18 a 25,76 a 2.41 a 4.82 a 4.82 a 83.94 54.14 63.89

A0L2 86.31 b 53.28 50.45 a 82.88 b 38.46 a 12.88 a 2.41 a 3.61 a 3.61 a 80.31 58.65 61.81

V s 73.38 b 62.96 56,46 a 82.13 b 59.34 a 40,91 a 6.02 a 3.61 a 4.81 a 38.80 47.37 34.72

A1L1 57.05 a 38,02 -25,00 a 65.41 b 32.18 a 27.96 a 3.95 a 8.64 a 3.70 a 11.69 6.61 8.50

A1L2 30.04 a 55,76 -1.01 a 63.26 b 25.91 a 48.94 a 8.75 a 4.94 a 3.70 a -58.01 2.54 -1.68

V s 48.78 a 49.81 10,89 a 84.21 b 38.68 a 31.41 a 11.54 a 3.70 a 3.70 a 10.24 18.98 32,31

A 2L1 -0.90 a -1,20 -82.43 b 60.38 b -6.58 a 18,42 a 28.38 b 6.17 a 4.94 a 12.29 -6.41 -3.24

A 2L2 46.97 a 35.61 -34.50 a 75.40 b 29,26 a 30,08 a 2.70 a 7.41 a 7.41 a 32.00 23.72 6.82

A2L3 48.54 a 52,00 -23,00 a 80.83 b 61.93 b 55.73 b 4.05 a 7,41 a 7.41 a 17.58 17.57 2.84

i^Soil samplj,rig depth in centimeters.

Within the same column, numbers followed by the same letter are not significantly different at the ,05 level 
by SNK test.
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At the 25 cm depth, the average per cent reduction 

of sodium content was highest for high acid and high 
leaching treatments. No statistically significant differ
ences were detected in electrical conductivity, pH, or EDTA • 
Valuations at this depth.

At the 50 cm depth, the average per cent reduction 
in electrical conductivity and sodium were respectively 
highest for high acid with low leaching and high acid with 
high leaching.. No statistically significant differences 
were detected in pH and EDTA. The leachate from each of 
the columns was analyzed and the results are reported in 
Table 12.

Table 12. Summary of chemical analyses of the leachate 
after the second experiment.

1/Treatment—
EC x 103 
mimhos PH Na ppm EDTA

AgljQ 10.53 7.8 2267 6.74
A 0L1 10.00 7.8 2158 6.16
a 0L2 11.93 7.9 2640 4.52
a 0l3 5.98 8.3 1171 8.88
A1L1 8.83 7.9 1887 6.25
a1l2 8.70 7.9 1850 6.55

. A 1l3 8.68 8.0 17 95 6.78
a2l1 12.28 7.8 2697 5.53
a2l2 10.50 7.9 2] 58 6.83
a 2l3 11.43 7.9 2487 6.16

Average 9.87 7.9 2122 6.44

— Â.qI'o , . 
(Figure 3, p. 25)

« e , A 2L3 3.S defined in experimental layout
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The extremely high level of -salts and sodium in the 

soil used in this experiment is believed to be the principal 
reason for the lack of response to acid applications and 
leaching treatments. The second factor negatively affect
ing the response to the sulfuric acid applications and 
leaching is the restricted drainage caused both by changes 
in configuration of plastic bags and tubing with the 
settling of soil and possibly by the accumulation of sodium 
at the lower parts of the columns following certain treat
ments in the first experiment. This limited drainage 
coupled with capillary action resulted in evaporation of 
water and re-salting of the profile. Because of this many 
of the results, obtained in this experiment can not be 
meaningfully interpreted.



SUMMARY

The purpose of this study was to investigate 
possible methods of reclaiming a saline-alkali soil in 
central Arizona and to evaluate the relative salt 
tolerance of several spring wheats.

This soil was placed in 40 91.2 x 25.4 cm 
cylindrical columns. These concrete columns were then 
placed in a completely randomized design in an area 
enclosed by a cement block wall 2.44 m high and covered 
with wire netting.

In the first experiment the soil in 20 columns was 
treated with 18,900 1/ha of sulfuric acid (93%) and the 
remaining 20 were not. All columns received 3 0 cm leaching. 
Arivat barley and seven Mexican wheat cultivars were seeded 
in each column.

Ten days after emergence, seedlings were counted 
and the results analyzed, Arivat barley and Cajeme 70 and 
INIA 66 wheat were most salt tolerant.

In the second experiment, four blocks from the non
treated 20 columns were left as a check and soil in the 
remaining 36 columns was treated with 9 different 
combinations of 0, 18,900, and 37,800 1/ha sulfuric acid 
and 3 0, 60, and 120 cm of leaching. All treatments were 
replicated four times.

52
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/ - .On the average root and shoot lengths were highest

for the low leaching with high acid treatment and high acid 
with medium and low leaching levels, respectively. Root and 
shoot weights were highest for plants receiving high acid 
with low leaching and low acid with high leaching, 
respectively.

A thin crust formed and separated from the soil and 
this improved seedling emergence in columns receiving the 
highest level of leaching«,

Soil samples at 5, 25, and 50 cm depth were taken 
and analyzed before and after the second experiment. Soil 
analysis results differed with depth for each treatment. 
However, for a given depth, analyses did not differ 
significantly between treatments.
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