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CHAPTER I
INTRODUCTION

Saline and alkali (sodic) soils are serious agricul-
tural problems and are recognized as a seriqus ;hreét to
cfop‘production in many areas. The soils contain alkali in
areas varylng in size from a few square feet to thousands of
acres. Most of the sallne and alka11 SOllS form in arld
and/or seml—arld areas, although they may occur in humid
cllmates. The rapld exten51on of 1rr1gated agrlculture has
caused the alka11 problem to become more acute 1n various
places. In Oklahoma the number of acres affected by soluble
salts is about 897,750 acreév(24). Although the area of
saline and alkali soils is relativély sméli in the total
area of Oklahoma, the presence of large quantities of
soluble salts in soils creates problems to those concerned
with erosion control, plant growth and proper use of water
resources.

The objective of this study is to examine the physical
and chemical characteristics of some saline and alkali soil
areas adjacent to the Great Salt Plain near Cherokee,
Oklahoma. From the results of physical and chemical analy-
sis, a suggestion for reclamation of these sal;ne_and alkali

soils and for improving their productivity may-be fourido



CHAPTER II
REVIEW OF LITERATURE CITED
Formation of Saline and Alkali Soils

The presence of saline and alkali soils wes ogeerved
_andrstudied 10hg before_se;eppistsxwere,able to account for
their qr;gin.vaedey manymef‘theffacters causing the forma-
tion of these soils is still difficult to determine. The
first step in the development of soil is the formation of‘
parent meterial,waccumulated largely through roek weather—
ing. Parent materials have a strong effect on. -the type of
soils: developed in many places. In~sem;—agid and’ arid
regions, clay miperals-maywoftenibecomevdominated byfsedium
salts and if the exghange”cepeeity ie dominated by -sodium-
the soils %ecome impervioue te waﬁer.

Hilgard (12) peinted out thet alkali soils occurred due
to insufficieht‘rainfallmfor-leeehing«out ﬁhe salts‘that are
_formed by pregre351ve weatherlng of(fhe decompesed seils or§
.SOll minerals of which all soile largely censiste Theree
fore, with ineufflcienty;a nfell, there is the more chance
for the accumulatien of sﬁrts in soils.

Sigmondy (27,28) concluded that genesis of alkali soils
chiefly depend upon three factors; these are (1) the arid or -

et



semi arid area, (2) an impervious subsoil, and (3) peculiar
hydrological circumstances enabling an intermittent super-
abundance of m01sture in the soil° He stated that alkali
soils may originate under arid and semi arid conditions,

) where in part, there lS in the soil a temporary abundance
of m01sture followed by long dry periods. In the case |
where there 1s an 1mperv1ous subsoil there was opportunity
for the sodium salts to accumulate at the surface. The
Amore or less concentrated sodium salts will react and
replace in some degree the exchangeable calcium, pota851um
and magnesium. |

o Burgess (h) stated that the presence of "white alkali"
goils is largely due to three causes° (1) drying up of a
‘sea bed or terrestrlal salt lands, (2) the washing down of
salt accumulated on upland into lowland areas by rainfall,
streams and irrigation systems, and (3) the accumulation of
salt on the 8011 surface by capillary rise of water from a
high water-table due to impervious subsozl or over-
irrigation. "Black alkali” soils are probably a secondary
product derived 1ndirectly from white alka11 soils°

BN
According to Byers et al° (33) salinization can occur

B

on practically any kind ef soil and givcs rise to the
development of saline solls. Salinization is the process

of accumulation of various kinds of salts in the soil
e
including sodium chleride, bicarbonate, carbonate, and

sulfate, and lesser amounts of calcium, magnesxum and
: |

‘potaSSium salts.' Saline SOllS are fairly common in old



lake bottoms and on low alluvial deposits along seacoasts,
even in humldvregions. When the drainage systems on saline
soils are improved and when they are“irrigated or}receive
fresh water from other sources, the salts are gradually
dlssolved and leached away. When the ca101um content is
low and the sodlum content hlgh the sodlum clays will
.hydrolyze to form free sodlum hydrox1de-carbonate as soon
as the greater part of the salts have been removed and the
soil solution becomes strongly alkali° Accompanying the
deflocculation of the clays, organlc matter 1s dlspersed
_and colors the whole soil dark brown or black. Thls 5011
115 popularly known as a "black alkall“ soil.

As noted by Kelley (lh), it has been reported by the
Punjab Irrigatlon Research Institute that salt may accumu-
late 1n large amounts on the 5011 surface or subsurface
s011 layers even where the water table is much below the
poss;brllty of capillary rise to the surface. They
apparently:believed that salts may diffuse several feet‘
through thln films of water on soil surfaces, Large areas
in the Punjab area of Indla became exce351vely sallne after
la few years of 1rrigat10n although the upper three or four
feet of 5011 was practically salt free before the initia-
tion of irrlgatlon. | |

Kellogg (17) studied the solonetz-complex of western
North Dakota and dlscussed the genes1s of alkall soils in
that area and concluded that sallnlzatlon is due to soluble

‘ soil salts high 1n sodlum° When the excess salts are



removed from the soil the colloids (clay) show an increased
mobillty and the‘soil becomes highly alkaline as a result
of thé hydrolysis of the sodium to form sodium hydroxide—
carbonatee As a result of the removal of soluble salts by
leachlng, sodlum salts gradually move downward and the 5011
becomes relatlvely 1mpervious to water due to the dlS- -
per51on of clay. As soon as alkall soils form they immedl-
ately begin to react w1th the env1ronment to form a profile
whlch develops 1nto a soil representlng the s01l—_
env1ronment complex. |

In Oklahoma saline and alkali 30115 are only a mlnor
problem economlcally. These areas, when compared to the
total area are relatively small. Most of sallne and alkall
s01ls 1n Oklahoma are only a few feet in diameter, although
some may occupy several acres.

Gray and Galloway (11) discussed the sallne and alka-
llne soil in Oklahoma and concluded that they occurred
domlnantly in arld and semi—arid reglons° The processes of
development of these soils are 1ntimately influenced by
cllmate and geology. In some instances, the salts that are
present in sallne and alkall soils were orlglnally present
in the parent material and effectlve water leaching has not.
been sufflclent to deplete them of salts. In other cases
vthese salts may accumulate in depre551ons and flat areas
due to topography or insufflclent drainage water.

Murphy and Daniel (22) dlscussed the presence of

"alkall spots" 1n Oklahoma and concluded that they are



probably due to the accumulation of sodlum salts in the
sedlments laid down by a recedlng sea in Permian time, As
the result of evaporation or the result of arid conditions,
the salts ‘were accumulated and a saline soil was formed°
When excess salts were leached out by water, hydrolyses of
the Na—clay and sodlum hydroxide-carbonate formed and |
caused the soil to become more or less alkaline in reaction
and highly dlspersed. Thls retarded further leaching, and
w1th the prevalllng climatic condltion an alkali soil was
developed.

Reed (24) reported that the saline~alka11 soils of
Oklahoma were usually created by one or more of the follow~
1ng processes, (l) the dep031t of salts in alluvial soil or
the deposit of salts on the flood plalns of the maJor “
rlvers, (an example of these s\ils are the Great Salt
Plains of the Arkansas River), (2) the evaporatlon of
sallne water rising from an 1mperv1ous sub501l (3) "Alkalr-
spots" also occur on local areas of soil parent material of
salihe saturated Permian ahd Pennsylvahia shales and some‘
are due to the uneven er051on of the top s01l w1th an
occas1onal exposure of sallne-alkall sub501l, (4) the con-
tribution of salt water separated from a mlxture of Oll and
salt water, in Oklahoma much of o0il produced probably
floats on salt water and the separation of o0il and salt
water is done by flotation and the disposal of the salt
water through surface drainage, evaporation ponds and salt -

water pipeline breaks has caused salt water to contaminate



nearby soils; (5) saline irrigation water and even irriga-
tion water of low salinity on some types of soils when used
incorrectly or- in too small quantities»salts tend to
accumulaté and eventually becdme a serious-problem. Some
1of the large streams in Oklahema whlch are salty because of
a geploglcal 1nfluence include the-Salt Fork of the
Arkansas Rlver, the Clmarron River -east of Edlth and the

Elm Fork of Red Rlver°~

Characteristics of Saline and

‘Alkali Soils

The nomenclature used for deécricing the characteris-
tics of sallne and alkali SOll is often confusing. Group- L
1ng must be bullt upon general pr1nc1ples, which do not
exclude the 1nsert10n of all the special local varletieS*
and terms.‘ The pr1nc1ples of a greuplng may be the ~general
chemlcal and the: genenal phy31c§l_chayacterist1cs of the:
so;lsov The United StatesvSaliniﬁvaaboratory (31) has
ciassified soils‘aséociated with«soluble~salts»and
exchangeable sodlum 8- sallne,»ncn saline-alka11 and
sallne—alkall SOilo : : | -

Saline soil is soll which has a conduct1v1ty of the
saturatlon»extract greater than 4 mmhos/cm at 259 and an
exchangeable sodlum percentage less than l5%a- Qrdlngplly
the pH. is lesslthan<8 5,v Saline soil is cften recognized
by the pnesence of a white crust of salts on>$he surfaceo

When adequate dralnage is establlshed, the ex06581ve



soluble salts may be removed by leaching. The chief anions
are chloride, sulfate and sometlmes natrate. Sodlum seldom
comprlses more than half of the soluble catlons,' Ow1ng to
the presence of excess salts and-the absence of 31gnificant
quantltles of exchangeable sodium, sallne soil generally is
well flocculatede‘ The permeability is equal to or hlgher
‘than thet of similar non—saline 5011.

: A soil that contalns sufficient exchangeable sodlum, a
with or without appreoeable quantities of soluble salts, 50
as to 1nterfere with the growth of plants, is known as a |
non-saline alkali soil. The exchangeable-sodium percentage
is greater than 15% and the conductxvaty of the saturatlon
extract ls less than 4 mmhos/cm at 25 C.A The pH usually
ranges between 8 5 to 10. The soil has a dark color due to

the solubility of a small amount of organic matter 1n
sodlum carbonate, These soluble salts of 5011 organlc
matter may be dep031ted on,the~301l surface by evaporation,
thus cau81ng darkenlng of the surface s01l and giving rlse
to the term “black-alkali" s01l. |

A sallne-alkall soil is a soil that combines the

result of the process of sallnlzation and alkallzatlon.

It is deflned as a soil for which the conductivity of the
saturatlon extract is greater than 4 mmhos/cm at 25 °c and
the exchangeable—sodlum percentage is greater than 15%
‘Under condltlons of excess salts, the pH is seldom hlgher
than 8.5 and the soil clay remains flocculated° If the

excess soluble salts are leached downward, the properties



of this soil may change markedly and become similar to
those of nonsaline-alkali soil. Saline-alkali soils con-
tinue to be a problem uhtil‘the excess salts and exchahge-
able sodium are removed from the root zone and a favorable
phy51cal COndlthH of the soil is reestabllshed.

Any attempt to reclalm sallne and alkall 501ls must
consider the chemical abnormality of sallne-alkall soils.
These abnormalities are due to an excess of soluble salts
or~excess exchangeable Na. Both properties are often found
in the same 3011 and elther one or the other may predoml—
nate. - Many practical methods have been employed for the |
reclamatlon of saline—alkall smls° Many of the reclalmed
30115 have been returned to a condltlon favorable for crop

growth in a relatively short tlme.’ To prevent the

reoi arrence of sallne and alkall 5011 condltlons these
hreclamatlon procedures must be repeated perlodically° ‘Ip
general, the methods of reclamatlon of sallne~alkall 30115
may be accompllshed by good dralnage w1th suff1c1ent hlgh
quallty and quantity of water for leachlng, soil amendments
for replacing exchangeable Nat and good irrigation agricul-
ture practices including water control and cropping and
tillage practices°

Breazeale and McGeorge (3) reported_tfftwfgdiggwﬂ
hydroxlde rather than sodlum carbonate is the source of

alkallnlty 1n "black—alkall" son.ls° The reclamation of

calcareous,.”black-alkali" soils by leachlng is pOSSlble,
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but it is an extremely leng and tedious process unless
1rr1gatlon water hlgh in soluble calc1um is avallableo_
Zurr (34) reported that many agrlcultural lands in the
Netherlands were once under bracklsh lakes and the North |
Sea. The absorptlon complex ef the soil reclalmed from the
sea_ contalns a rather large amount of sodium, Because of
“the large amount of gypsum formed after drainage the con--
centration of salts in the soil moisture remains suffi-
01ently hlgh to keep the complex flocculated. Moreover the
excess gypsum changes the sodium clay into calcium clay.
The requirement for reclamation of this land is good drain=-
age and time, Nearly tenwyears after ditching, the soil
has heen almost completely«leached free of solubleﬁsaltse
| Burgess (4) reported that many years ago the water
table at the Yuma Valley Experimental Farm of California'
had risen to within 2 oru3 feet of‘the surfaceuallowing a
heavy accumulation of alkall}in the first and seeond footu
fThe'important prooess for thewreclamation of this soil was
to ascertaln the positlon of the water table and removed
the excess salts frem the s01l° The land was plowed and
carefully leveled° After several heavy leachlngs, 5011
amendments were addedo These amendments were calclum
chlorlde, ca101um plus manure, gypsum, gypsum plus manure
and manure alone 1n dlfferent quantltles° The results of
alka11 s011 reclamation were, the use of manure was almost
as effectlve alone as when used in eongunctlon with elther

cal01um chlorlde or gypsum. Over 350,000 pounds of'salts
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had been removed from the surface 6 feet of soil from each
acre of the experiment.

The most obvious mode of utilizing alkali lands is to
occupy them with crops not affected by the excess salts.
Unfortunately only few crops of general utility have been
found for the stronger class of alka11 1ands. Loughrldge
(19) had observed and given the details of the tolerance
for various plants° From his study he found that grapes,
olives and almonds were unaffected by a total alkall
‘LE 760, 40, 160 and 25,500 pounds per acre to four depths
respectlvely° Kearney (13) listed the crop plants which
are most likelyjto succeed On»land df different degrees of
sallnlty as shown in Flgure 1° Thomas (30) studled the |
reclamatlon of a white—alka11 SOll and reported that the
concentratlon of soluble salts brought to the surface by
the capillary rlse of water from a ‘high water table soil
1n Callfornla° The reclamatlon of these whlte—alkall s01ls
can be brought about by leachlng w1thout any spec1a1 treat-
ment such as gypsum or- sulfur provxded the dralnage system
is good and the water table must be kept well below the
root zone if good results are to be expectedn
| Kelley and Thomas (15) reported on the reclamatlon of
"black—alkall" soil and concluded that good drainage condi-

et
e e b At RO

vtlons must be establlshed and the rlght klnd of materlals

st

had to be applled. Gypsum, sulfur, 1ron sulfate and alum
produce beneflclal effects on "black—alkall" SOllS but at

different rates of 1mprovement° The klnd and amount of
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soil amendment required for the best results will vary in
different localities depending on the content of sodiun «
carbonate and the amount of replaceable sodium present in
,the clay materlals in the soll. | ”

The methods of reclaiming saline-alkall 5011 has been
empha51zed upon supplylng ca101um for exchange w1th sodlum
on the soil exchange complex.j The usual practice is to'
supply a neutral calcium salt amendment to the soil and to
leach w1th 1rr1gat10n weter.@ Reclamation by this procedure
often falls or is so slow that 1t is not economlcally
feasible, malnly because of the low permeabillty of saline~

alka11 soil to irrlgation water. If the water falls to

| move 1nto and through the 5011, regardless of whether
ca101um has been added to the s01l or 1s avallable in the
3011, reclamatlon w1ll obv1ously not take place. Veryﬂﬁ

soluble ca101um salts such as ca101um chlorlde mayfbe used
‘to supply ca101um at a high electrolyte concentratlon, but
for the most part the hlgh costs of these salts makes thls
1mpract1cal. ’ o | )

'Reeve and Bower (25) used the high salt 1rrigat10n
waters as a flocculant and source of dlvalent catlons for
reclaimlng "sodic" or “alkall" s01ls and they used what
they called the "basic or valence dllution effecto" In a
s011nwater system in whlch absorbed cations are in‘equlm
librlum with the catlons in solution, the equlllbrium may

vor may not be shlfted by the addltlon of water, dependlng

upon the valence of the catlons involved The experlments
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for the reclamatlon of a sodic or alkali soil resulted in
the observation that the hlgher the dlvalent catlon concenel
tration the more rapldly the exchange will take placeo The
calcium in the water may be consxdered as an acceleration h
in the reclamation process through its flocculative effect
'on the soil and from the resultlng 1ncrease in 5011 perme-
ablllty.‘ The most 1mportant process 1n thls method 1s that
dralnage must be adequate for removal and dlscharge of
reclamatlon by-products and excess salts.

Reeve and Doering (26) used the.same method for the
reclamation of a "sodic-soil" near Hemet, Califormia. They
developed an equatlen for calculatlng the amount of water
requlred fer reelalming “sodlc-seils“ based on, the cempesi-f
“tion ef water used, the exchangeable sodlum percentage of
the soll and the rate at. which the, leaehing water is
diluted.

H Recently Muhammed et alo (29) medified the "hlgh—salt
vwater“ method of Reeve and Bower (25) for reelalming
"sodic-goils." Alphqggh the use,ef such waters reduces the
time required fer‘reClamatipn,,the deépycpﬁﬁyaper penetra=
tion required fcr“reclamacion withitheﬂhighrsalt waterir
method is gegerally ;ergef__Insyeadgefausiagwpnly,high:saltv
‘water, they saturated all water used w1th gypsum. Their

results 1ndlcated that the high—salt wagerﬁeaturated with

gypsum was the mostweffeﬁgixeeprecednrgﬂfon_reglalm;ag

"sodic-soils."



CHAPTER III
METHODS AND PROCEDURE

Twehty—five soil samples were collected on December 20;
1971 from each horizon,of four saline-alkali soil profiles
of the Drummond Gracemont and Dale series° These_sqil.
proflles are located in Alfalfa County, Oklahoma° ‘The soil
samples were alr-dried and, then processed to pass a 2mm
screen. . Physical and chemical analyses were then .made on
these soil samples.

Particle size distribution analyses were determined by
the hydrometer methog,degg:ibgﬁqby”Day_(8), _Dpé to soluble
sglt content of thesevsoilé, allﬂsoil,Samples ﬁere waSheélg

A

to 5 times with distilled water. . Organic matter was re-

s S R o b

moved from the surface and sub-surface soil samples by
treating with 6% hydrogen peroxide (HQO_) (_31)° Carbonates
were removed by the method descrlbed by Kittrick and Hope
(18) The samples were then Qven‘dried.and;hoigramsbof
each soil samples were taken for particle size analysis.
Fiﬁty:ml,of:lO% sodium carbpnatenéqlutign_wa§ added to the
sedlmentatlon cyllnder and the suspen81on was made up. to
approximately 500 ml with distilled water and allowed to
soak for at lgqu,lo minutes thgn_phe,suspenglggiwas mixed.

for 5 minutes with the mechanical mixer, transferred to a

15
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sedimentation cylinder, and brought to 1,000 ml with dis-
tilled water. A blank of 50 ml of 10% sodium carbonate
solution di;gted,ﬁp;l,QQQ ml withndist;ilédﬁﬁater wﬁsgﬁgéd;f'
The sedimentation eylinder was placed in a comstant
- temperature room atf2396,pa§ildit;néagh@d'a constant

temperature. Then the suspension and .blank sedimentation

cyl;nggpsfygnggshakﬁpyandﬁhﬁgpg@etgpﬁread;ngsgygreJg%ggg;aﬁw
_thg;endsnof_3oﬁse¢anQS'ag@glﬁ@i@ﬁtg;“JSuﬁgequggt hydrometer
~.measurements were made at 3 minutes, 10 minutes, 30 minutes,
1 hour, 4 hours, 8 hours.agd[lz-hours.<.The temperature.of
the suspension and the hydrometer readings (R) at various
“times were recorded. The concentration of the suspension.
was calculated in grams per liter from the equation C=R-R,
where.ﬁomrepresented.the blank reading, an¢ the summation
perce@ﬁaée:(P)ﬂft@m,ﬁheaeauggépn,P = 100 (¢/c,), where. C -
repreéented the oven-dry weight of the soil séinple° These
data were used ‘to calculate the corresponding particle
diameters (d), in micrens, by means of. the eguation

d = 6/5%, where "t" is the sedimentation time in minutes

and © is a pargmetgr_(Table for values of © for determina-
tion of particle size from observadﬁgydrometer readings by
Day (8).), obtained by entering the table with the value.of
uncorrected R.- P is plotted versus d on semi-logarithmic
paper, using log scale for d. The particle size proportion
is interpolated from the curve as the summation percentages
at 2 and 50 microns. The percentage of sand was determined

by difference.
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The chemical analyses consisted of the determination
of pH, cation exchange capacity, extractable cations,
exchangeable cations, electrical conductivity, water

soluble cations and anions, carbonates, bicarbonates and

,total,so}i@s.__The pH of the soil samples from each horizon

was determined on a 131 soil-distilled water paste and on a
1:1 mixtufe‘of soil and iN KCl sélution as déscribed in the
U.S.D.A. Handbook No. 60 (31). pH was determined on a
model M2 Begkman, glass electrode pH meter.

The cation exchange capacity was determined by sapuf
rating the soil samples with calcium chloride. Ten gram
soil samples were washed four times with 25 ml of 1N
calcium.éhloride and the excess of Ca was removed by wash-
ing three times, one time with distilled water and two
times with 80%_aceteneo Washing consisted of shaking the
samples,for_five minutes 6n a reciprocating shaker and then

centrifuging until the soil particles were out of suspen-

sion. The calcium chloride and acetone washings were

decanted as completely as possible and discarded. Calcium
waé,then replaced with sodium}by,washing“four1pimgs with
25 ml of 1N soqium,chlorideo__The supernatants were com=
bihed and dilutéd_to;lco ml and,calcium ﬁas determined by
titration to a bright blue gnd point with standardized 
EDTA. |

Extractable Ca, Mg, Na and K for each soil horizon was
obtained by leaching 5 gram samples three times with 33 ml
of 1N ammonium acetate at pH 7.0. The leachate was diluted
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to LOO,mlland the extractable sodium and potassium were
determined with the atomic absorption spectrophotpmeter’
(31). The extractable calcium and magnesium were deter-
mined using the EDTA titration (5).

) Exchangeable Ca and Mg in each soil sample were deter=
mined by washing lO-grams of a soil sample five times,
threevtggqs_wiph distilled water and two t;mes with 95%
ethanq_l° The'exchangeable Ca and}Mg}ih the soil sample
wergvthen rgplaqed_by NHZ by washing three times with 33 ml
of 1N ammonium acetate, pHv7;O. These washings were saved
and diluﬁed to 100 ml. The samples.were then analyzed by
adding 4 parts of the washing and 1 part of 5. 0% lanthanum
chloride and the content of Ca and Mg determined on the
atomic absorpplon:spectrophotometgr. }Exchapgeable Na and K
were determined by the difference between extractable Na
and K and water-=soluble Na and K.

Electrical conductivity was determined after a 1:1
soilwwater extract was prepared on 250 gram samples of
soil. These samples were shaken on a Bufrgll wrist-action
’shaker for 4 hours before filtefing on Buchner funnels.‘
trlal Instruments Inc. conductivity bridge. The 1l:1 SOll=
water extract was also analyzed for Ca, Mg, Na, K, Cl and
soh. Ca, Mg, Na and K were determined on the atomic
absorption spectrophotometer. Ca and Mg ggmples were fiyst
~vprepared'by adding 4 parts of the extract and 1 part of 5,0

percent lanthanum chleoride.
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Chloride was determined by a silver nitrate_pitration
method described,byvggwer and Wilcox (2). The pH of a_
10 ml.aliquot of thevwater extract»wasvadjusted to 10 with
sodium bicafbehatee Two,dfeps‘efvsﬁ'poteasium,chrematexmas
then added as an indicator and the solutionvwas titrated
with standard silver nitrate until the appearance ef a red
bor reddish—brown precipitate was observed.

;Sulieyg§:weye,determined by the method repqrﬁed.by
Page (23). A ten ml aliquot ofvthe soileﬁater extfact was
used for the determination. The sample was diluted to
25 ml with deionized water and 25 ml of a pH 4.8 sodium .
acetate buffer was added. The periumvsﬁlfape precipitate
was developed by adding 0.5 ml,éf,l% gum arébig,_QgS gram
of‘3vaesh barium chleride-erysteis1eﬁdﬁshakenemeehanicelly;
The barium‘sulfate»in suspeneioﬁ wae’determined by feadiﬁg;
% abeorption on the Bausch—Lo;b Spectronic 20 colorimeter
at 700 .millimicrons and the results were converted to part
per million sulfates from a standard curve. |

Alkaline earth carb@nates were determined by an acid.
neutralization method as. described by Allison and Mepdle
(1). 4 10 gram soil sample was treated with 50 0 ml of
standard 0O, 5 N hydrochloric acid. The soil-acid mixture
was boiled gently for 5 minutes and then caeled¢v The :
mlxture was filtered threugh a retentive paper, and washed
‘ thoroughly with water te remove, the excess ecid. The

filtrateﬁwas then back‘titrated w1th_Q,25 N, NaOH to the
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pheno;phthalein end pqint, The data;obtained were reported
as percent carbonates.'

Total solids wg:gu¢ete;mined byﬂs;gyly evaporating to
dryness 20 ml 6f,a 1:1 extract (31)}1 Sa¥ples‘were then
placed in the oven at_lp§°0 and,upon_rempyal_the samples
wefe placed in a desiccator to’dry before weighiggvon an
analytical balance angrdagavobtainedAWere reported in parts

per million pounds of soil.



CHAPTER IV
RESULTS AND DISCUSSION

A detailed preliminary investigation was made of some
saline-alkaline areas in Alfalfa County, Oklahoma in an
atte@pt‘ta study the physical gnd_chém;cai'chﬁigctgrig;ips

~of these soils and to sugggsp reclamation trQEQQQP#Sg-

The particle size distribution in the profiles of the
four saline-alkall soils Stpgieq;are sbpﬁn in Table I and
Figures 2-5. Soil No. 1, tentatively ;dehf;gigd_as“a
Drummond loam. The percentage of sands genérélly increased
with depth while the percentage Qf:s%lt decreased with
depth, The percentage of clay increased to the 20 inch
depth and then dacreased;‘ In seil No. 2, Drummond silty
clay loam, the“peréentéges of sand and siltlgengrally
decreased with depth. For clay the percentage increased
sharply from the surface downward to the 50 inch depth.
For'soiluNo, B‘G;acemont sandy loam,‘thq,percentages of
silt and clay generglileecreaséd with depthfand‘the:pere;
centage of ségg igqreééedeitg depth. This soil is a sand
to.loamy sand“in textuﬁeo At a depth gfzgé‘;nchggt the
percentage of sand is nearly 83 percent. When ﬁﬁisqge?l
profile was collected, it was found that the soil was very
wet at the 20=-48 inch depth. Therefore, the water table of

21



TABLE I

PARTICLE SIZE ANALYSIS OF SALINE-ALKALI
SOIL NO. 1 DRUMMOND LOAM SAMPLE TAKEN
FRQM 1200 FT., N. 50 FT., E, OF S.W.

- CORNER, SEC." 5, T23 N, R 12 W

22

December 20, 1971

Soil Depth  Sand (%) 511t (%) ~ Clay (%)
o-4 40,70 32.40 26,90
L-g" 46,10 23.25 30.65
8-20ﬁ.‘- L5.25 22.50 32,25

20=32" 51,50 18.91 29459
32-50% 50,03 20.25 29.70
50-68% 57.80 17.25 24,95
PARTICLE SIZE ANALYSIS OF SALINE-ALKALI
SOIL NO. 2 DRUMMOND SILTY CLAY LOAM
SAMPLE TAKEN FROM 1600 FT. N, 250
~ “FT. E. OF S.W. CORNER, SEC.
26, T27 N, R 11 w
December 20;.1971

Soil Depth Sand (%) Silt (%) . Clay (%)
O-1% 28,50 ,50 25 | 21.25
0=6" S 28025 50 80 20-95
6"12" 20070 ’ 48 75 30055

12-20" 1475 49,2 42,05
20-32" 15450 32,50 5240
32-50" 18,00 28,40 153460
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TABLE I (Conginued)

PARTICLE SIZE ANALYSIS OF SALINE-ALKALI
'SOIL NO. 3 GRACEMONT SANDY LOAM
SAMPLE TAKEN FROM 200 FT. E.-

100 FT. S. OF N.W. CORNER
SEC. 8, T27 N, R10 W

December 26,-1971

_ Soil Depth ~ Sand (#) silt (%) Clay (%)
O=-1" 51,00 32,25 - 15,75
O=i" 66,05 21.2 12,75
L=12% 61,60 26.30 12.10
12-20" 69,30 19,50 11,20

20=42" 73.10 19,70 7420
L2-1,8" 82.40 10,70 6.90

PARTICLE SIZE ANALYSIS OF SALINE-ALKALI
SOIL NO. 4 DALE SILT LOAM SAMPLE
TAKEN FROM 2100 FT. S, 100 FT,

E. OF N.W. CORNER SEC. 20,

T27 N, R 10 W

December 20, 1971

Soil Depth Sand (%) Silt (%) Clay (%)
O=4" 22.70 50,80 26,50
L=11" 24,90 L4 .80 30,30

11=24" 23,90 46,60 29,50
24=33" 30.80 41.50 27,70
33-40" 48.10 35,90 16.00
LO=L5% 47 .60 38,10 " 14.30

L5=60% 47,80 34,20 18.00
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this soil profile is high enough to cause the accumulation
of salts on the soil surface by capillarity. In soil Ne. 4
Dale silt loam, the percentages of silt and clay generally
decreased with increasing depth and the percentage of sand
ingregsed‘with depth.

r_Detailed analyses of the soluble constituents, the
electrical conductivity of saturation extract, the extract-
able cations, the alkaline earth carbonate and exchange
characteristics of thé 4 saline=-alkali soil profiles are
shown in‘Tables II-V and Figures 6~-9., Soluble salts are
high in éll,samples? In soil No. 1 a Drummond loam seii;
the pH ranged from 8.4 to 8.]vand the pH remained nearly
constant from the soil surface to the lower depths. The
electrical conductivity of the saturation extract was very
high'fram the surface down to the 20 inch depth and high
from the 20 to 32 inch depth. At these lower depths there
was an increased accumulation of soluble salts. Sodium,
sulfate and chloride ions were found to be very high. All
of these ions increased with depth from the soil surface to
thevdepth of 32 inches and ;hen decreased at lower depths.
The,éoluble calcium and magnesium, when compared to other
‘ions, are relatively low in concentration. However, they
also increased with depthvfrom the soil surface to the |
depth of 20 and 32 inches and then decreased at lower
depths., Calcium is the dominant exchangeable ion in this
profile and generally it decreased with deptho The amount

and}prépertions of exchangeable sodium is relatively high



TABLE II

COMPOSITION OF SATURATION EXTRACT OF SALINE-
ALKALI SOIL NO. 1 DRUMMOND LOAM SAMPLE
TAKEN FROM 1200 FT, N. 50 FT. E. OF
S.W, CORNER, SEC. 5, T 23 N,

R 12 W - DECEMBER 20, 1971

29

PARTS PER MILLION

TOTAL

DEFTA | omho x 100 gy, SOLUBLE COUSIITUENTS - SOLIDS
0-L" 1440 8.7 324 68 12 81 170 662.
L-8" 3880 8,5 794 25 21 525 673 3460
8-20" 12630 8.4 2800 121 52 2475 2792 9747

20-32% 6820 8.5 1360 43 -18 725 1942 4967

32-50" 4210 8.6 900 25 9 345 824 2967

50-68" 2150 8.6 380 40 5 530 452 2490

COMPOSITION OF SATURATION EXTRACT OF SALINE=-
ALKALI SOIL NO. 2 DRUMMOND SILTY CLAY LOAM
SAMPLE TAKEN FROM 1800 FT. N. 250 FT. E.

“*""OF S.W. CORNER, SEC. 26, T 27 N,
R 11 W - DECEMBER 20, 1971

SOIL  CONDUGTIVITY SOIL PARTS PER MILLION TOTAL

PRETH mhe s 10 pi  SOLUBLE 0325T;ngiTsCl sggins
0-1" 1010 6.8 24 82 62 10 .70 882
0-6" i 360 7.0 23 31 9 12.9 79 1205
6=12" 560 7.4 57 53 15 225 59 1157

12-20" 2520 7.6 38, 57 24 675 345 1885

20=36" 10100 7.8 996 562 525 4LBOO 540 7834

32-50"" 12630 7.7 1420 537 705 5500 788

9260



TABLE II (Continued)
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COMPOSITION OF SATURATION EXTRACT OF SALINE-
ATKALI SOIL NO. 3 GRACEMONT SANDY LOAM

SAMPLE TAKEN FROM 200 E, 100 FT. S.

OF N.W. CORNER, SEC. 8, T 27 N,

R 10 W - DECEMBER 20, 1971

PARTS PER MILLION TOTAL
potr,  CONDUGTIVITY SgﬁL SOLUBLE CONSTITUENTS  SOLIDS
- -Na- Ca Mg SOa  01 ppm
0" 1910 8.4 340 56 8 512 159 1802
O=4» 840 8,6 14l 68 6 12 66 695
6-12" 1630 8.8 299 40 2 287 239 1665
12-20" 7220 8.2 1244 150 43 779 1010 3537
20-42" 2290 8.3 282 82 18 237 585 1395
L2=L48" 1680 8,2 140 87 12 200 310 987
COMPOSITION OF SATURATION EXTRACT OF SALINE-
ALKALI NO. 4 DALE SILT LOAM SAMPLE TAKEN
FROM 2100 FT. 100 FT. E. OF N.W.
CORNER, SEC. 20, T 27 N,
R 10 W - DECEMBER 1971
| PARTS PER MILLION TOTAL
gg%%H cogﬁgczlgé 1 SgﬁL SOLUBLE CONSTITUENTS  SOLIDS
Na Ca Mg SOA Ci ppm
0=4" 1090 7,1 30 145 43 10 97 862
L=11" 720_ 7.6 22 83 2 12 70 447
11-24" 1170 8,0 144 62 11 212 248 770
24=33" 11230 7.8 1840 581 211 4725 2118 9362
33-40" 11430 7.9 1680 575 175 4400 1675 9722
4O-45" 10050 8.1 1650 556 186 3750 1746 8182
45-60% 11230 8.1 1600 331 93 2090 1693 6985
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TABLE III

CATION EXCHANGE CHARACTERISTICS OF SALINE=-
ALKALI SOIL NO. 1 DRUMMOND LOAM SAMPLE
TAKEN FROM 1200 FT. N, 50 FT. E. OF
S.W. CORNER, SEC. 5, T 23 N,
R 12 W - DECEMBER 20, 1971

SOIL pH EXCHANGEABLE CATIONS IN m.e./100

SOIL  SOIL pH H,0 WASHED GM. SOIL
DEPTH IN. KC1 SOIL CEC Na K Mg Ca
O=4"  7.71 9.57 16,02  3.13 | 0.52 1.34 7.56
L-8" 8,10 10,00 10,95 7.15 0s97 1.55 5.3%
8-20" 8.15 9,75 16.7hk 5,09 0.40 1.71 6.25
20-32" 8,05 10,10 15,05 6,13 Q.42 2.03 5,12
32=50" 7.80 9.95 13.85 4e22 0,50 2.59 5.00
50=-68" 7.52 9.60 12.61 3.26 0.91 2.34k 5,12
CATION EXCHANGE CHARACTERISTICS OF SALINE-
ALKALI SOIL NO. 2 DRUMMOND LOAM SAMPLE
TAKEN FROM 1600 FT. N. 250 FT. E,
OF S.W. CORNER, SEC. 26, T 27 N,
R 11 N - DECEMBER 20, 1971
SOIL pH EXCHANGEABLE CATIONS IN m.e./100
SOIL  SOIL pH Ho0 WASHED GM. SOIL o
DEPTH IN. KC1 SOIL CEC  Na K Mg Ca
0=1" 6.40 7.50 10.75 0,09 2,26 1.87 5,31
0-6" 6010 7950 10979 Ool7 1‘6[}6 2039 5025
5-12" 6,40 8,10 10,95 1,07 0,40 3,07 4e75
12=-20" - 7.10 8,80 1he26 2,35 1.17 5.46 3.12
20=32" 7,60 8.40 25,63 3.31 1,14 8,07 9.68
32=50" 7,40 8,20 . 35.76 4,03 1,09 7.96 18,50
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TABLE III (Continued)

SOIL
DEPTH

CATION EXCHANGE CHARACTERISTICS OF SALINE-
ALKALI SOIL NO. 3 GRACEMONT SANDY LOAM ‘
SAMPLE TAKEN FROM 200 FT. E. 100 FT.
S. OF N.,W. CORNER, SEC, 8
DECEMBER 20, 1971

SOIL pH EXCHANGEABLE CATIONS IN m.e./100
SOIL pH H,0 WASHED GM. SOIL
IN. KC1 SOIL CED Na K Mg Ca

O=1"

0-4"

L=12%
12-20"
20=42"
h2"48"

SOIL
DEPTH

8.20 9.35 8.26 2,27 0.40 1.89 3.15
8.30 9.50 3,07 0.82 0.28 1.23 2.50
8.40  10.05 Leb2 1.36 0.21 0.94 1.58
8440 9.80 4ol3 1.66 0.16 0.11 1.61
8.20 9.20 2,37  9.05 0,09 0.22 1.59
8.10 9.05 2.58 0,18 0.15 0.23 1.53

CATION EXCHANGE CHARACTERISTICS OF SALINE-
ALKALI SOIL NO. 4 DALE SILT LOAM SAMPLE
TAKEN FROM 2100 FT. S. 100 FT. E. OF
N.W. CORNER, SEC. 20, T 27 N,

R 10 W - DECEMBER 20, 1971

SOIL pH EXCHANGEABLE CATIONS IN m.e./100
SOIL pH H,0 WASHED GM. SOIL
IN. KCl SOIL CED Na K Mg Ca

O=4y"
L=11"
11=24"
24=33"
33-40"
LO=45"
L45=60"

7.05 7.50 16,95 0,15 1,97 1.37 8.75
7.30 8,20 11,99 0,16 1,22 1,31 8.21
7.52 8,90 11,57 0.56 0,65 1,35 8,43
7,98 8,30  1ho88 4,06 0,39 1.25 7,81
8.00 8,25 12,81 3,12 0,22 0.62 5,63
8.20 9.30 7.85 2,04 0.2h 0,58  Lok3
8,10 9.50 9.51 3.47 0,30 0.81 425




TABLE IV

ALKALINE EARTH CARBONATE CONCENTRATION
IN SALINE-ALKALI SOILS PERCENTAGE

EQUIVALENT TO CaCOB
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Soil Ne.4 %

Soil No.1 % Soil No.2 % Soil Ne.3 %
gzggi "~ caco, 522%% | caco, éﬁﬁi; caCo, vgzgg;; Caco,
0-4"  3.96  0-1" 2.07  0-1" 11.06  O-4" 2,85
4=8" 11.64  0-6" 1,30 , O-4" 9.30  4=11" 4,07
8-20" 12.48  6-12" 2.48  4=12% 7.70 11-24" 5.61
20-32% 11.09  12-20" 2,89 12-20" 5.77 - 24=33" 5,39
32-50" 5,51 20-32" 5.29 20-42" 2493  33-40" L4.88
50-68" 4,30  32-50" 4.20 42-48" 3.13  LO-45" 5,88
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TABLE V

EXTRACTABLE CATIONS IN SALINE-ALKALT
SOIL NO. 1 DRUMMOND LOAM EXTRACT
BY 1 N NHhAc at pH 7.0

EXTRACTABLE CATIONS (m.e./100 GM SOIL)

SOIL DEPTH Na : K Ca Mg
O~14* 5021 0.87 14,38 1,40
L-8" 12,60 0.58 -~ 15,00 1,56
8=20" 18.26 Ook2 18,40 1,93

20~32" 13.04 0.43 15,00 2.13
32-50" 9.13 0.51 12.81 2.63
' 50-68" 5.65 0.52 13443  2.36

EXTRACTABLE CATIONS IN SALINE-ALKALINE
- SOIL NO. 2 DRUMMOND SILTY LOAM
EXTRACT BY 1 N NHAAC at
pH 7.0

EXTRACTABLE CATIONS {m.e./100 GM SOIL)

SOIL DEPTH Na K Ca Mg
O-1" 0.19 2,58 7.18 2,13
0=6" 0.28 1,66 7.00 2.50
6=12" L4l 1.28 7.93 3.85

12-20" bo3h - 1,36 8,12 . 8.64.
20-32" 7.39 1.20 25,00 10.41

32-50" 9.56 lelh 33.75 10.93
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TABLE V (Continued)

EXTRACTABLE CATIONS IN SALINE-ALKALI
'SOIL NO. 3 GRACEMONT SANDY LOAM
EXTRACT BY 1 N NHhAc at
pH 7.0

EXTRACTABLE CATIONS (m.e./100 GM SOIL)

SOIL DEPTH Na K Ca Mg
0-1" 347 0.93 20.93 1.95
O=4" 1e45 0.32 20.62 1.25
L=12% 3.26 0.25 20.31 0.46

12-20" 747 0.20 11.87 0.29
20=42" 1.39 0.13 8,12 0,30
L2-1,8" 0.78 ~  0.12 8443 0.30

EXTRACTABLE -CATIONS IN SALINE=-ALKALI
SOIL-NOs k DALE SILT LOAM-

EXTRACTABLE CATIONS (m.e./100 GM SOIL)

SOIL DEPTH Na K Ca Mg
0=4" | 0.3 2,15 20.31 1,85
L=11" 0.28 1.30 23.12 1.78

11-24" 1021 0.68 10,93 1,50
24=33% 9.86 Ook3 20,62 2,13
33=40" 8.90 0.26 10,00 1.35
LO=45" 9.34 0.29 19.00 1.36

L5=60% 8,90 0.33 11.56 1.20
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as a percentage of total exchangeable bases. The amounts
of this ion are high at the depth 4 to 8 inches and then

‘decrease at. lower depths.ﬂ Exchangeable potaseiumewasE;

‘3present at all depthe as a small percentage ef the total
exchangeable bases and it remains nearly censtant frem the

soil surface to lower depths. The contentmand preportion

quexehangeable magneeiumﬁis 1ntermed1ate Between the
sodiﬁﬁ and~petassium and ih general it increases with
depth. The catlon exchange capacity ranged between 12 61
te 16 95 m.e./iOO B There was an accumulation of alkaline-
earth carbonates in the 4 to 32 inch depth.

For the_feclamation of this soil, the exeess;ve
soluble saite muet first be'leached out of the biefile.
The sodlum ealts of sulfate and chloride in the 8-32 inch
depth muet 5; removed beiere the soil can be treated with
some chemical amendment. 'The,land-may be%fleoded'to a
depﬁpyef aboﬁt ) inchee with‘ffesh water drawn from’a:well
of'river;' Because of the. resence in the 3011 of some free"

=

calcium compounds the soil is high 1n PH, and sulfur can be
utilized effectively in the reclamation ef this so0il. The
- amount of sulfur used_depends,upon the time for reclemaw
tion, the cost of sulfur and the exchengeable_sodium and
soluble salt content of the'soil. Small applicatiens of
sulfur, such as 1 ton per acre, may be oxidized very ’
rapidly. - The reaction of sulfur and sodium may be cenplete:f
in two or three weeks and heavy application @f_sulfur of

2-10 tons per acre may have a more prolenged'and more
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| pronounced effect upon the'soil. The effectiveness of
sulfur depends largely on the presence of caleium carbcnéte,’
in‘thevscilsrﬁ The oxidation of sulfur leads ultimately tev
the formation of_sulfuric acld.‘ It is this geid that dis
prigérily responelhle”fer‘the chemical reactions that ecour
when eﬁlfur'is’applied.v The end products of the reaction- -
may be expressed by the following equation. '

H2$Oh + ZQaGOB + 4 Na—clay’-—€>_2'0a-clay +‘Ne2304:+2NeHQG§

However, the first reactant of sulfuric acid with the soil
will be to formvgypsum or calcium sulfete. The sodium
}sulfate and sodium bicarbonate formed must be leached ,,,,,,,,,,,,,,,, -
out.  (9,14,21,32)

| Soil Nos 2, a Drummond silty clay loam, the pH values

of the soil profile“range in value between 6. 8 to 7.8, The
goil surface is meutral in reactlon and the lcwer depths

shew increased alkallnity.» Generally the electrical cen~ al
ductivity of the soluble salts ef this seil profile is lcw‘
except for the 20=50 1nch depth and there is a high accumuw h‘
latlon of scluble salts at thls depth and the electrieal |
conductivities are very high with values higher than

10 mmhos/bm at 2500.‘ Scluble sodium salts are low when
compared to soil No. 1, but it is hlgh at the 30~5O 1nch
depth. The sulfate content 1s low at the soil surface and

is very high ‘at the lcwest depths of the sell profllee-‘Thel
quantity'ef;sﬁliete'at}lcweridepth,.when ce@péred to other
fsolﬁhletiohs,.ie slghlficehtly“h;ghera Hthcriae_eelte
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occqy;in subsoil layers in 1arger quantities than in the
surface soil. Calcium and magnesium'are,reLatively low in
pe:cgntgge Qflthe t6taisoluble salts. ~Gélgiumuis»the
dom?nant'exchaqgeable cation ahd itjiﬂcré#ééé Qith depth
except at the 1?7?0 inch,depth. However, aﬁ the lowési
depth .the éxchahggcalcium is veryvhigho :Ethange
magnesipm is present in excessive amounts at}the 12-50 inch
depth. Exchange potassium is high on the soil surface and
then decreases at the lower depths. Exchangeable sodium is
present in relatively small amounts in the first foot and
then increases slightly at lower depths. The cation
exchange capacity is about 10.5 m.e./100 g. at the first
three depths and then increases sharply to 35.70 at the
lowest depth. The distribution of clay as shown in Figure
3 supports the cation exchange capacity distributions. The
presence of alkaline earth carbonate is very low when com=-
pared to soil No. 1 and ranges between 1,30 and‘5.29
percent.,

Though this soil profile has a low concentration of
soluble salts and low exchange sod;um, the problem in the
reclamation of this soil is that the soil profile is high
in clay and it is very slowly permeable to water. More=
over, the soluble salts that must be removed and the
exchangeable sodium and exchangeable magnesium that must be
replaced by calcium present at the lowest depth, 20 to 50
inch, will be difficult to achieve. This soil may be

reclaimed by using the method of the high-salt-water
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dilution for reclaiming saline soil as proposed by Reeve
and Bower (25). The use of waters of very low salt content
may result in soil dispersion to such an extent that
reclamation is not feasible, whereas, a water“of medium to
high salt content might‘prove satisfactory. Due to the
absence of high exchangeable sodium chemical amendments may
not be necessary. High salt well waters, high salt drain=
age water and other waste effluents and brines, from any
sources, may offer possibilities for use in reclamation.
To decrease the amount of high-salt water required to
reclaim the soil gypsum saturated watef‘should be used in
all cases. In any event, drainage is an important con-
sideration, and espebially in the case where extra quanti-
ties of salt are involved. Drainage must be adequate for
removal and discharge of reclamation byproducts and excess
salts. If the drainage is poor, use of this method may
instead of reducing the soluble salts and excess exchange-
able sodium, the soil will be more salinized (6,25,26,29).
In soil No., 3 Gracémont sandy loam, the pH values.
range from 8.2 to 8.8, pH increases from the soil surface
to the 12 inch depth and then decreases. The electrical
conductivity of the saturation extracts is less than
3 mmhos/cm ét 25°¢C except the 12-20 inch depth which has a
conductivity of 7.22 mmhos/cm at 259C, There was a signif—
icant accumulation of soluble salts on the soil surface and
at the 12=20 inch depth. At this depth soluble salts are
relatively high as compared telthe other depths. Sodium
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chloride is the dominant soluble salt in this soil profile;
however, its concentration varies at each depth. Most of
the soluble salts at the soil surface are sodium chlorides
and_s@lfétes. Sulfate and chloride salts are present in.
small éuantitigslghly a¥ the_O-A incﬁ}dgpth and‘increase at
the deeper depths. Calciﬁm and magnesium occur inArela-
'tively small amounts as compared to the total soluble

salts. The cation exchange capacity for this soil was low
except in the soil surface layer and it decreased with

| dgpth,nvCalcium_was ﬁhe dominant exchangeable cation with
éodium ih lessgr amounts. Exghaqgeablevpotassium and 23/
magnesium made up a relatively.small/proportion of the.
‘iotal exchangeable cations. The large quantities of Sand

-‘ present ih each_depth andvlow clay percent was responsible
‘for the_low pation exchange capacityo | |

| | In the reélamatibn of this loamy sand, the water table
of this soil.profile is‘high_or very closelpo the sai;
surface laygrav Té_reclaim it, the physical preperties‘qf
éoil must be imprcved and‘the,high waﬁér table must be
reduced.‘ The reclamation of this seil’can be accomplished
bykleaching and dra;nage wihh no special ?rqg;mgnt‘rqggiyed:\
for‘fémévé} of SOdium;énd‘magngéiﬁm, ‘This soii may prodﬁeef
goo@(yieldé of the crops if reclaimed by leaching without
the application of gypsum or sulfur. Deep drainage and a
plenﬁiful supply of irrigation water of good quality are
very essential in reclaiming this soil., The use of manure:

after leaching is also preferable because soils which have
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been leached continuously are oftén found to be temporarily
infertile since much of the available nutrientfelements~ -
have been washed'away with the élkali. Mdrgpver the use of
manure will improve the structure of the soil;v Thus drain-
age and leaching supplemente@jﬁy an‘gpplicatiqg‘of manure
may bring ébout'éﬁcgesgfulireCIaﬁa;ion of this‘sgilh(9,16,
'20;32); | | | |

- In soil No« 4, Dale silt loam, the pH of the surface
layer is neutral,Aincreases-slightly in alkalinity at the
lower depths witﬁ pH values ranging between 7,1«8,1; The
electrical conductiyity is low in the first three aepths
and then incréases sharply at the 24=60 inch deptho There
was a large accumulation of soluble salts at these lower
depfhs‘with'sulfate as the dominant ion in this pfafilév
- The quantity of sulfate inpregéed Withidepth'in this soil
profile. The second dominant soluble ion is sodium and is
also very high at thé‘2h-60.inch depth and the chlo}i&e-
concentration is also very_high'at this depth. For soluble
calciumvand maghesium; théy are present in relatively?small'
: amounts éomparéd tb the total soluble salts as shown in
Table II. The cation exchange capacities ranges betwe@n
9,51 and 10,95 m.e./100 g.”andsthey'decrease with depth
except at the 24=33 inch depth. Both exchangeable
potassium and exchangeable magnesium arelﬁreSent in small
quantities'and théy decrease with depthe Alkaline earth
carbonate concentration is not high; There was an accumu=

lation of carbonates at the 11=33 inch depth and at the



L6

40-50 inch depth. This soil is affected by excessive
salinity,‘which occurs“mainlyfon nonirrigated land where
methods for improvement are limited. Because of the:high
cost bf chemical'amendments,vit is not feasible to reclaim
this soil,v} |
However, this soil may be reclaimed by leaching com-
bined ﬁith vegetative mulch and/or surface prote¢tion§ |
Leaching and soil surface protection is the only feasible
method (7,14). To achieve éatisfactory results for
reclamation of this soil a'high leaching efficiency is
reqﬁired where the water is applied by_flooding of the
surface-mulched soil, If moisture in the subsoil is near
field capacity, reldtively small quantities'of water can be
éffedtive in reducing salinity, provided the water table is-
below the‘réot zone, The soil surface should have a
vegeﬁative mulch if possible at the_beginningfof the
flooding and leaching sequence. | o
In additlon to the mulch effect of plants there may be
an added factor in reclamatlon due to the growing plants,
Roots of all growing plants give off carbon dloxlde to form
arbonlc ac1d with water in the soil. The result is that
.calcium carbonate is dlssolved as the‘blcarbonate ion and
the ca101um 1ons are thus brought into solutlon to replace
exchangeable sod:Lum° The reaction can‘bdiexpressed as

follows:
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HZCQ3 + CaCO3 m————— Ca(HCO)2

Ca(HCOB') + Na,-clay =—-—- Ca-clay + 2NaHCO; -

Any of several alkali-resistant plants can be of some bene-
flt 1n reclaiming alkali or sodic soil. Rhodes grass
(Chloris g_x___), rye grass (Lallum pereun ), Sudan grass
(Sorgh ___gare sudanese), Melllotus _alba are some of the

species that may be employed for this purpose (7,10,14).



CHAPTER V
SUMMARY AND CONCLUSIONS

The physicalland'chemical characteristics of four
saline-alkali soils were studied. Recommendation for re;
claiming these soils was given for each soil studied. The
methods.énd procedures for reclamation depend upon the
physical and chemical characteristicsvof each soil, Most
of these methods have been used in previous experiments as
reported in an extensive literature (14).

| For”soil No. 1 a Drummond loam, thé percentage of sand
is high with lésser amounts of silt and clay. The accumnu-
lation of soluble salts is in the 8-32 inch depth. Soluble-
sodium chloride and sulfate is present in relatively large
amounts., All pH values are slightly alkaline_and remains
constant from the soil surface to the lower depths.
Generally the electrical conductivity is low except at the
8-20 inch depth. Exchangeable calcium and exchangeable
sodium are relatively high. The recommendation for re—
claiming this soil is that the soil should be leached free
of the excess soluble salts and sulfur or gypsum used &s a
chemical amendment for replacing exchangeable sodium.

In soil No. 2 a'Drummond silty clay loam, the percent-

age of clay is very high at the lower depths and silt is
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high in the surface and subsoil while the sand content is
‘relatively small. The pH values are nearly neutral;
,Solublevsulfate is high at 16wer depths and is the dominant
‘solubie ion. Sodium, calcium, magnesium and éhloride_do
'not vary appréciably. This soil has a low electrical con=
ductivity except at the 20-32 inch depth. The cation
exchange quacity 1s high at the lowef depth with calcium
is the dominant exchangeable cation. This soil is recom=
mended to be reclaimed by the high~salt water procedure of
Reeve and Bower (25)0 'The water used for leaching should
be high in divalent cations or saturated with gypsumo'
After leaching good drainage must be maintained pafticuﬁ
larly good internal draiﬁége. |

For soil No. 3 Gracemont Sandy loam, the percentage of
sand is very high at lower depths while silt and clay are
high at the soil surface”and4decrease markedly with depth.
The pH values for the entire soil profile are about 8.8,
The electricél conductivity generally is low except at -the
12-20 inch depth. ‘There was a large accumulation of salts
at the 12-20 inch depth. The dominant soluble salt is
sodium chloride. The cation exchange capacity of this soil
is very low. Exchangeable calcium and sodium make up the
total exchangeable,cétionso The recommendation 1s that the
physical characteristics of thisvspil should be improved.
After leaching, ﬁénure should be added as a soil amendment .

with gypsum added at the time of leaching.
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) In soil No. 4 Dale silt lbam, the percentage of silt
present was relatively high at the soil surface and sand is-
high at the_lawef depthg. The percentage of clay decreases
with depth. The accumulatibnbof salts is somewhat lower in
the 24=50 inch depth than the O-ZA inch depth.‘,Sulfate-
salﬁs are the dominant salts in this seil;“The’electrical*
_con¢uc§iyipy’is vg;y_hi;h at the lpwer‘deﬁths,‘withvmqst -
values cheed;ﬁglll mmhos/pmnat 2590; ‘Thevrecemmeﬁdatien
for this s9il‘is that:it.is not ecanomically‘soun&:to‘use
chemical-amendments or leaching'dqexﬁé theyhigh water
tableQ Thé'excqés salté mﬁstbé_iggched.puf_and vegetation .
éhould bé grown for improving the structuré‘of the soil,

However,‘the'water table must first be lowered.
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