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Crop production on Solonetzic soils is limited by an acid Ap and a
Qer;se slowly permeable Bnt horizon. The purpose of this study was to
investigate the effects of ripping and liming, alone_and in comb.ination, on
‘selected physicochemical characteristies and relate chénges to differenceslin
crop grth. Treatment plots were established in 1981 on a Brown Solodized
Sclonetz located in east-central Alberta. |

~ Soil samples were taken by horizon for physical and chemical analyses
in July, 1984. In the ripped treatments paired samples were faken from within-
and between thAe shanked zone. Gravimetric moisture sampling was done 1o
the depth of ripping from May, 1985 to April, 1986. Paired sampl~es for a-root
masé:comparisori"‘between ripped ahd noniripped treatments were obtained
in August 1985. The treatments were continually cropped to wheat frem 1982
to 1985 and. yields were monitored by Alberta Agriculture. |

The main differences observed b'etwgen treatments- were due to -
ripping. -Over the four years monitored, ripping increased wheat yields by 0.9t
ha-1, ripping+liming by 0.8 t ha! and liming by 0.2 t ha'l. Ripping lifted
calcium sé%mdepth and increased downward leaching of sodium thbs
decreasing SAR values and improving soil structure in the Bnt honzon root
~ penetration and spring moisture status were increased. Ripping mcreased the
breaking strength of the Ag, and hence the -potential for surface crustmg,
through an elevation of clay from lower honzons An elevation of carbonate
salts increased the pH of the Ap to _a g}}ter éxtent than the surface

application of Iime.'Ripping' on 61 c¢cm shank spacings provided uniform



subsurface shattering. There were no significant yisld or phys(cochemmal
differences: between ripping alone and ripping and liming in comﬁmatuon In

this study ripping .was the economically superior treatmant; surface acidity was

neutralized and subsurface’ soﬂ structula was |mproved
«71
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1. Introduction

Solonetzic soils are found o__n\every inhabited continent and occupy
mﬂoo million hectares worldwide (Szabolcs 1979). Canada has
over 7 million hectares, (Research Branch, Canada Department of Agriculture \
1977) of which more than 4 million hectares are found in the province of
Alberta (Alberta Agiculture 1981). Approximately 2.8 million hectares are
located south east of Edmonton on relatively flat terrain which is.a highly
desurable tralt for mechanized agricultural preduction (Pawluk 1982). ‘

e Much research worldwide has been done on the amelioration of

Solonetz:c soils. “In Hungary attempts at amelioration date to the early 19th

: century (Szabolcs 1971). Amelioration research in Canada has spanned less

| than thxrty years ‘and large scaie amelioration attempts at'the farm level have

, only‘ occwred in the last ten. Historically, amelioration attempts have been

pvh‘y‘si'cal» (‘vdeep‘ plowing, ripping ) and chemical (lime and/or gypsum
applicat}i'ons). :

Deep plowing has been considered by several researchers to be the
mbst \promieing a_'d.A lioration technique for Alberta soils. It has net, however,
been accepted by the farm community. The most popular form of amelioration -
currently ivn use is ripping or subsoiling. The reasons for this are fargely
economic as the initial capital expen'se of ripping is lower than deep plowing.
Extension personnel with Alberta Agriculture have rep’on’ed that deep plowing
generally increases yields more than ripping. They caution, however, that'
extensive soil tests should be done before deep plowing to ensure that the soil
will benefit (Alberta Agiculture 1981). Increases in yields due to ripping are

Ie'ss than those from deep plowing but the probability of doing extensive
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damage through an inappropriate operation are also reduced ( Jerome
Lickacz person. commun. 1986 ),
The actual acreage ripped in-Alberta is unknoWn but it is believed to be

considerable. Although the practice is widely applied, very little reseach has

. been done on ripping, and its physicochemical effects have been documented

at very few sites. Lime has been used in Hungary as an ameliorant of sodic

; souls for over a century (Szabolcs 1971). To date little research has been

done in Canada on its effects in conjunction with npplng

N This study was designed to document sefected physncochemlcal

changes in the soil ‘due to rippijng and liming, alone and in combination.
Selected physical 'and chemicaﬂi‘ field and laboratory soil analyses were
p\erforrhed. Moisture status was monitored to the depth of ripping from May
1985, to April 1986. Root mass, and distribution by dépth, for a ripped and a
non-ripped treatment was measured in August of 1985. Tissue analysis was
performed on crop samples gathered in June of 1985. Crop yields were
monitored by Alberta Agriculture from 1982 to 1985. |
The specific objectives of this study were:

(/(1) To compare selected physical and "‘chemical c*r]anges between
tre%\r‘nents. at different depths, and to correlate these with, moisture status,
root/ing,patterns,b and above-gfound crop yields.

A}

(2) To compare physicél, chemical, and moisture differences, in the

- shank track and betweén the shank track, and determine if uniform fracturing

occurred with the 61 cm shank spacings used.
Treatments were: Ripped on shank (ROS), Ripped intershank (RIS),
Ripped+Lime on shank (RLQS), Ripped+Lime intershank (RLIS), Control (C)

" and Limed (L). A study site was selected on the advicé of staff of the Soils



« Branch of Alberta Agriculture Edmoriton. "T.he results of the investigations at

this site are reported in the following pages.

4.



2. Literature Review

2.1 Ge nl asis of Solonetzic Soils

The term solonetz is Russian in origin. It was first intraduced in the Iafe
1800's to describe a soil commonly found on the Russian steppes. The
word, according to Gedroits, as quoted by Kelley, refers to a "high

“percentage sodium saturation” (Ehrlich and Smith 1958). There is some
controversy as 1o what constitutes a Solgnetzic soil, but two main
morphological c;xaract_eristics are generally accepted (Pawluk 1982). ’

(1) Solonetzic soils have a compact columnar-prismatic macrostructure
.and a blof;ky mesostructure, with dark staining on the peds. The columnar-
prismatic macrostructure is of varying distinctness, thickness and alkalinity.

(2) A layer of salts containing limé. gypsum and more soluble sodium
or magnesium salts éfe found below, or in the B horizon. An eluvial layer may
_ also be présignt above the B horizon.

{ .
|
Solonetzic soils generally have ratios of exchangeable calcium 1o

exchangeakﬁle sodium of ten or less (Research Branch Canada Department of
Agricultur 1977). To classify a’.SoIonetzic soil by chemistry is extremely
difficult and many unresolved controvers:es 9xist ona beagg the role of
exchangeable magnesium. Some authors have sugcestéd that morphology
alone sHlouId be used to deflne a Solonetz (Ehrhch and Smnth 1958). The
exchangeable Cato exchangeable Na ratio of ten or less should be taken as

a gen@ral guideline, not a hard and fast rule.

a—



2.1.1 History of Genesis Research

The general theory on the genesis of Solonetzic soil dates to the early
twentteth .century and the work of Gedroits. While other workers such as
Hilgard, de Sigmond, Kelly, Vilyams and Glinka alsq contributed to the theory,
Gedrorts is cradited with its formulation (lvanova and Bol' shakov 1972).
Gedroits demonstrated experlmentally that Solonetzes are formed from saline
Regosols which are high in soluble sodium (sodium Solonchaks), and that
Solods are formed from Solonetzic soils.. This researéh defined three- V
classical soil forming brocesses; salinization, so.loni;ation and solodization
(Pawluk 1982) | |

The foregomg processes still provide a basis for a stepwlse progression -
of mechanisms responsible for the formation of Solonetzic soils. Since
Gedroits many other workers too numerous to mention have added concepts
to his original theory, which forms the basis of our current understanding of the

genesis of these soils.

2.1.2 Qalinjzation

Y

- Through a variety of processes soluble salts accumul.ate at the soil
sur}ace This accumulatlon is called sahmzatlon Salts may be concentrated
in arbas of former saline water bodies, or formed by in situ chemical
weathermg of silicate minerals. Saline material may be deposited in glacial
dnfts or uncovered by glamatron or erosion. While these processes are
important in other areas of the world, in Canada salinization most often occurs

through groundwater flow (Pawiuk 1982). 'By this process salts are formed



from the dissolution of materials within geological strata along the flow path.
‘Groundwater serves as fhe solvent and medium of transpon, as well as a
‘reactant in the formation of some $élts. The degree of salinization through
groundwater flow is influenced by three elements, hydrological, hydrophysical,
and physicochemical (Pawiuk 1982). - '

. Hydrological elements con/trbl t'he‘movement of water and salts along
the flow path to the water table. In western Canada flow systems can be eiiher
local, intermediate, or regional in extent (T6th 1962). A local flow system has
a racharge area at its highest elevation and a discharge area at its lowest.
These areas are adjacent to each other. An intermediate flow system has its
topographic high and low separated by the recharge and discharge of one or
more local systems. Regional flow systems are deep and may cohtaiﬁ many
intermediate and local systems. |f the local landform is relatively flat, as in
most of the Solonetzic soil areas of south and south-central Alberta, regiohal
flow systems will dominate. Easterly moving water from the Rocky mountains
leaks upward as a result of artesian pressure: Disg;hsfgqﬁmay appear random
and unrelated to the contour of the land due to the differenity“ial‘\?’bezrﬁsabi|ity of
bedrock (Maclean 1974). If local relief is suBsféntial, local and intermediate _
flow systems intercept tlhis .upward moving water and salinization occurs in
local di'scharge areas (Maclean and Pawluk 1975).

Hydrophysical elements control the changing soil moisture properties in
the unsaturated zone. Moisture losses through evapotranspiration are
generally- greater than precipitation in cdntinental climates with subarid and
subhumid moisture regimes. Where favorable hydrological conditions exist
such as; shallow water":tables. perched water tables, or ground water surface
discharge, water and salts will move upward. The water evaporates leaving

salt encrustations on the surface or in salic horizons. The upward movement

Do ‘ A\



of water and deposition of salt in response to evapotranspirétion and
evaporation at the surface is counter balanced by salt removal through
precipitation and downwérd Ieaching. Therefore the net movement of salts is
determined by the bafance between aevapotranspiration and precipitation. The
Altithermal period, 9000-6000 B.P., which followed the last ice age is believed
to have been warmer and drier than the present pe'riod (Harris and Pip 1973).
This warm dry period enhanced the upward movement and retarded the
downward movement of salts, thus ingreasing salinization. |

~ Physicochemical elements are’ regponsible for diﬂéring concentratio_ns
and compositions of salts in groundwater and the soil solution. [n Alberta local
shallow flow systems mainly carry biz;arbonates and sulphates of calcium and
magnesium. This mé?e_rial originate:s within the glacial drifts (Bowser et al
1962). Regional deep flow systems mainly carry.bicarbonates) and sulphates
of sodium and magnesium. )?These salts originate within the Elk Point
Formation of Devonian age (Hémilton 1971). The salts are dissolved and
moved eastward by water ongmatmg in the RGcky mountains.

Russian researchers place a large amount of emphasis on the
presence of sodium bicarbonate in the ground water, as it is believed to be
particularily important in the- formation of Solonetzic soils (Kovda and
Samoilova-1969). This has not been confirmed by Canadian research, which
has shown that Solonetzic soils can form under the influenge of sodium sulfate
(Cairns and Szabolcs 1973). )

The concentration of salts will affect water movement through the soil.
Salts present in upward moving groundwater fldét:ulate the soil and maigtta,in

capillary pores. Downward moving low-salt water, from precipitation events,

causes dispersion and |each‘in.g is inhibited (McNeal and Colemah 1966).



in the Altithermal period salinization occurred extensively. Warmer,
drier temperatures increased evapotranspiration over relatively flat areas
whera integrated drainage systems -had not yet developed. Sodium sulphate
and sodium bicarbonate salts were deposited along the capillary fringe. This

period wasth}e first stage in the evolution of Solonetzic soils in Western

} .

Canada. S = A

s
)
i

ion refers to a process by which a Saline Regosol becomes a

haracteristic solonetzic Bnt horizon is formed during this
‘ g’@w '
B fmzatlon to proceed there must be a gradual reduction of

T cine g
,gvrr,“‘-f”:' - -

salts throughout the profile, or a 'desalinization’. Desalinization occurs as a
result of environmental changes. Solonization not only requires
desalinization for it to proceed but:;pandible clay minerals and sodium-ons
must also be present in significant quantities.

In Western Canada desalinization, was initiated following the
Altithermal period. Changing environmental conditions }such as decreased
temperature and increased pracipitation, coupled with the development of an
integrated drainage system, initiated desalinization (Pawluk 1982). As the
témpérature dropped, surface matric potential increased due to reduced
evapotranspiration With increasing precipitation surface gravitational
potential mcreased and the balance shifted from a net upward movement of
salts and water to a net downward movement. An integrated dramage system
developed as post glacial meltwaters created new channels or downcut pre-

existing ones. Water tables were lowered and existing recharge-discharge

flow systems were disrupted and modified.

3



As desalinization proceeded, the electrolyte concentration in soil
solution decreased. Under conditions of high sodium and low salt, dispersion
and swelling occurs in an expandible clay mineral (McNeal and Coleman
1966). The degree of dispersion will depend on the electrolyte concentration,
the amount of 2:1 clay - :::rals present, and the amount of sodium on the
exchange complex. De Sigmond (1938) reported that dispersion would
occur if the total s\alt content is 0.10 - 0.15 percent, and if the exchangeable
sodium percentage (ESP) is greater than 10 - 15.

With the onset of dispersion stable clay aggregates break down into
fine clay particles. During periods of desalinization, when net water
movement is downward, particles are leached into the B horizon where they
clog soil pores and form an illuvial claypan. At this time the soil profile is
alkaline due to the hydrolysis of sodium clays,or 'alkalization'. Exchangeable
sodium is replaced by hydrogen which in turn is displaced by aluminum,

released from chemical alteration of clay minerals (Arshad 1964).

Na-clay + HoO <=> H-clay + Na* + OH-
OH" + COos <=> HCOg3" (after Pawluk 1982).

Under basic conditions organic constituents form mobile sodium humates,
which ;‘also leach into the B horizon, forming black stains on the soil peds.
Alternating periods of salinization, in response to dry or frozen
conditions, recharge the soil profile with sodium ions (Landsburg 1981). This
causes additional dispersion, and the downward movement of clay and
humates into the B horizon continues. Over time a dense compact illuvial Bnt
horizon with fine pores develops. The A horizon is coarser in texture with

larger pores.
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Due to the discontinuity in pore size the capillary fringe will now extend ¥
only to the surface of the B horizon, and the A is no longer periodically ?
salinized with sodic groundwater. As a result, alkalization in the A horizon
proceeds to completion, with hydrogen and aluminum ions displacing sodium
ions on the soil colloids. In time the biocycling of calcium and magnesium by
plants will lead to the partial replacement ot hydrogen and aluminum by these
elements. An acidic A horizon, and an alkaline B horizon, are typical of
solonetzic soils (Research Branch Canada Department of Agriculture 1977).
In wet periods a perched water table will form on top of the B horizon.
Hydrolysis occurs followed by slow leaching through the coarser pores. In
dry periods the interface area is resalinized with sodium from groundwater
rising by capillary action thréugh fine pores. Alternating acidic and alkaline
conditions result in intense weathering, consequently an eluvial, coarsely

textured, platy, ashy coloured Ae horizon develops. The appearance of an

Ae marks the transition to the third pedogenic process 'solodization’.

2.1.4 Solodization

\

The process of solodization reflects a decrease or a cessation of the
influence of groundwater on the soil profile. According to the Canadian
system of soil classification a solodized'solonetz forms if the Ae is thicker than
2 cm. A Solod forms if the Ae is thicker than 2 cm and an AB horizon is
present (Canada Soil Survey Committee 1978). Under this definition
continuity with the watertable may still exist, and in cases where an Ae has
not developed but the groundwater no longer influences the soil solum, the

soil might still be classified as a Solonetz. Pawluk {1982) argues that
/ - .
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solodization should only be considered to occur after the capillary fringe is no
longer located in the soil solum, and no continuity with the water table exists.

It the Bnt is no longer resalinized by sodic groundwater alkalization of
sodium clays will proceed without reversal. Biocycling of calcium and
niagneslum will increase with improving soil structure and plant growth. Over
time an AB horizon will form from the Bnt and the profile will approach that of
a 'zonally normal’ soil.

Amelioration techniques have a greater chance of success where a
continuity with the water table no longer exists and solonization is not an
activq process (Szabolcs 1971). It is pertinent to note tha; under the current
Canadian system of soil classification this distinction is not mads. Its
usefulness as a predictive tool, for the likely reguhs of amelioration attempts

negative or positive, is thus limited.

2.2 _Amelioration of Solonetzic Soils

The main agronomic difficulty with Solonetzic soils lies in their physi'c"al
properties (Tyurin et al. 1960). The hard compact Bnt horizon limits water
infiltration, aeration, and rooting depth. After a substantial precipitation event,

or snowmeit, a perched water table forms on top of this hardpan layer. As a

———

result, water wiil be lost through evaporation; poor aeration will inhibit root

growth and enhance denitrification. Plant rooting depth is shallow and crops

po

are unable to stand periods of drought. Tyurin'et al (1960) states:

"Roots of cultivated plants must remain within the
thin surface layer ....... similiar to potted plants.
More or less satisfactory crops will then be obtained
only in rainy years or under irrigation.”



Wilting point is increased by high exchangeable sodium while hydraulic
conductivity is decreased to such a degree that, even when water is avallaib!e
it cannot be supplied to the plants quickly enough to prevent moistyre stress.

In addition to poor subsurface stfucture. poor surface tilth raléulting in
crop emergence problems ars.often ancountared when the Ae is mixed, by
cultivation, into the Ap. The Ap is generally shallow and fow in organic matter.

Problems other than poor physical structure may be encountered. High
alectrical conductivities (E.C.) in the subsoil result in decreased osmotic
potential and decreased available water. Russian researchers note that
certain cations and aniens such as sodium and carbonates have a
particularily deleterious effect on plant growth (Tyurin et al 1960). In Canada,
soluble magnesium to calcium (Mg/Ca) ratios greater than 1, or soluble
calcium to total cations (Ca/TC) ratiof}s,of less than 0.15, have been shown to
induce calcium deficiency in bar!g;/. Deficiencies are induced independent of
the EE: or the individual concentrations of calcium and magnesium (Carter et
al 1979). Similarily Szabolcs (1971) observed that small amounts of calcium
amendment, placed with the seed increased yields, while no discernible
change in physicochemical properties were observed. This could be
gvidence of a calcium deficiency.

In Carter et a/ (1979) it was observed that low calcium to sodium ratios
caused a decrease in the uptake of potassium. Although potassium
daficiencies may occur due to high sodium levels, in general, low potassium
status has not been documented on Solonetzic soils (Cairns and Bowser
1969: Szabolcs 1971).

While Solonetzic soils respond well to the application of nitrogen it IS
not clear whether problems other than low organic matter, due to a thin Ah

horizon, are responsible (Robertson 1982). On the basis of 63,000 samples of

12



the Ap received by Alberta Soil and Feed Testing Laboratory (A.S.F.T.l_) from

1962 to 1969, Solonetzic soils could not be differentiated from associated
Chernozems by their nitrate nitrogen (NO3-N) status (Cameron and Toogood

1970).

of a Solonetz than on an associated Chernozem. Rice (1978) suggested

decreased mtneralrzatlon of mtrogen as the result of acidity in the Ap.: An |

amelloratlon technique which raises the pH of the surface will therefore
increase available plant nitrogen. A flush of mtrogen may also occur from the

breakdown of organic matter in the Bnt atter deep plowing or ripping

(Robertson 1982) This may be partially responsible for the magtc crop |

response not,ed by some,\tarmers in the year following deep tillage ( Len
Solick person. commun. 1984). | |
Cameron and Toogood (1970) usrng A.S.F.T.L. data found extractable

phosphorus to be higher in the SoIonetzrc Soil zone than in the Chernozemic.

There is no reason to believe that a Solonetzic soil is particularily deficient in-

,phosphorus but yield mcreases have generally been observed through'

fertilization (Alexander 1973 Toogood 1978).. Although other factors limit the
agronomic potential of a Solonetzic sonl the decisive ltmtttng factors are its
physical propertles and therr effects on the moisture regime- (Szabolcs 1971).
Plant nutnents may be available, but a lack of water will prevent their uptake

as plants need these nutrients \n aqueous solutlon

Amelioration attempts can be described under two broad headmgs g

physical ‘and chemical, although these are not mutually exclusrve An

undesnrable chemical condition leads to poor physrcal properties which in

combtnatton with a hydrogeologtcal situation rernforces the onglnalmhemtcal

’
?

Cairns et al (1962) noted that less NO3 -N was released on tncubatron ‘

13



condition. The aim of physical and chemical amelioration techniques is to
break this cycle. | '
If the hydrogeological conditions, which led to the original Solonetz
formation, are still present soil'improvement is doubtful. In eastern Europe,
dramage is considered an essential pre requisite to any amehomon attempt
where the profile i permanently lmked with groundwater. |f the profile is
temporanly linked, drainage may not be necessary depending on the intensity
of solomzatlon (Szabolcs 1971) Very httle drainage has been done in
- Western Canada but researcﬁ\nas shown that high water tables and restricted

drainage will decrease thx effectiveness of deep plowing (Webster and

Nyborg 1984).

2.2.1 Amelioration - Chemical
“"Chemical amelioration is aimed at repldcing sodium on the exchange
complex with calcium. “Where X refers to the exchanger phase, the defining

equation for Na+ - Ca2+ exchange can be written:

CaX + 2Na+ <=> Ca*2 + (Na),X

PeN

o (after Bresler et al 1982).

An equilibrium constant can be deﬁned for this equation (parenthesis denote

-

activities, or effective concentrations):

K = (Ca2+)(Na,X) /(Na+)?(CaX)

(after Bresler ot al 1982).

14
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Cation exchange reactions are considered to be reversible, although
partial covalent-bendmg. fixation, and preferent:al dlvalent bondtng occurs.
Calcium IS preferentlally adsorbed due to its high valence and small hydrated
radius. Exchange reactions are virtually mstantaneous therefore in soils,
diffusion will be the rate determining step. Hysteresis can occur due to the
tortuosity associated with diffusion (Bohn et al 1979). The Na* - Ca
exchange reaction can be driven right or left by flooding the system with either
cation accordung to the Le Chatelier's principle and the Jaw of-mass action.

If the solution is diluted the retention of calcium :Zavoured by the law of

valence dilution. This law can be demonstrated by rearranging the

equilibrium constant equation as follows:

k (Na+)2/(Ca2'+~) = (NaoX)/CaX).

ps

The squared term.on the left side of this equation demonstrates that the ratio of

exchangeable-sodium to exchangeable calcium will change with total, as well

| as with relative salt concentration (Bohn et al 1979)

For calcium to exchange with sodium on the soil colloids two conditions
must be met:

1. A célcium source must be present.

2. The ratio of calcium activity to sodium activity must be

above certain levels deterr_nined by the stability constant

for the. exchange reaction and the law of valence dilution.

Amendments may be classified as direct or indirect. Soil conditions as
well as economic considerations determine the kind and amount to be used

(United States Salinity Laboratory Staft 1954). A direct amendment contains a

15



calcium source, an indirect amendment changes soil conditions such that the
solubility, and hence the activity of calcium ions released from native or
applied sources, is increased.

Direct amendments which have traditionally been used are calcium
chloride (CaCly), calcnum nitrate (Ca(NO3),), gypsum (CaS0 42H,0), and lime

(CaCOj). Hlstoncally lime and gypsum have been considered the main

chemical ameliorants for sodic soils (United States Salinity Laboratory Staff
1954; Tyurin et al 1960; Bower 1969; Szabolcs 1971). Their Qse as
ameliorants is partially due to their chernical and physical characteristics, but a
large component of their popularity has been tﬁ’\ei’r availability at economic
’ prices. These ameliorants will be discussed later, in separate sections.

Indirect amendments are used aione, on a calcareous soil, or in
combination with lime and/or gypsum on a non calcareous, alkaline soil
(Udited States Salinity Laboratory Staff 1954). Indirect amendments are
generauy acids, or amdnfners which increase the solubility of the calcium salt
and hence the acﬁvnty of the calcium ion. Sulfur, sulfuric acids, iron sulfates,
valuminum sulfates, and acid petroleum resins have been used. The
application of these substances has been popular in the U.S. and eastern
Europe' (United States Salinity Laboratory Staff 1954; Tyurin et al 1960;
Szabolcs 4971). Sulfur has been used'experimerltglly in western Canada
(Cairns 1961; McCready 1982). Generally researchers have felt other
amelioration methods hoia more promise but as Albena has large reserves of
sulfur, derived from the petrochemical industry; further investigation of its
suitability on alkaline calcareous soils might be in order. |

The efficiency of chemical ameliorants will be greatIyA enhanced if
surface applicaﬁon is followed by leaching (Bower 1969). This technique is

highly successful under irrigated conditions where drainage is adequate.
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. Where irrigation is not available methods such as snow entrapment have
been used for the same purpose (Tyurin et al 1960). These methods could be

used in western Canada.

2.2.1.1 Lime as an Amaeliorant

In a technical sense lime is CaO, in practice any amendment that will
reduce soil acidity, and contains calcidm or magnesium, may be referred to as
lime (Hausenbhiller 1978). In soils, lime is a general .term for ground
limestone, it most often refers to calcite (CaCOg).

Lime may be applied as an ameliorant on Solonetzic soil for more than
one reason. It may be used to raise the pH of an acidic Ap, or it rﬁay béused
to supply calcium for exchange reactions and plant nutrition. Where lime is

used to neutralize soil acidity the following reactions will occur:

H,Al-clay + 2CaCOg3 + 3H20 <=>
2Ca-clay + 2H,CO3 + Al(OH)3 (ppt) <=>
2Ca-clay + Al(OH)3 (ppt) + 2HR0 + 2CO;

(after Hausenbuiller 1978).

E"xchangeable .QIuminum is précipitated as Al(OH); while exchangeable
hydrogen is ultimately inactivated as water. Calcium may exchange directly

with sodium on the exchange complex through the following reaction:

4 Na-clay + 2CaCOj + COp + HyO<=>
2 Ca-clay + 2 NaHCO3 + Na;COg

(after Bower 1969).
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Lime has geen used extensively in eastern Europe as a chemical
ameliorant of sodic soils for over a century. The earliest recorded use was by
Samuel Tessedic (1742-1820) and is referred to as the “digo-eanh” method.
A subsoil rich in lime and gypsum is spread on the sonl surface at a rate of 500
to 600 m3ha! (Szabolcs 1971). The use of hma and gypsum fell out of favour’
in the mid 1800's but by the turn of the century interest in it had revuved. In

Hungary limestone powder is now applied on non- -calcareous acid or sllghtly

4
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alkaline soils at a rate of 15 to 30 t ha'!. Lime sludge from sugar factories or ¥

#moors is also used but at a higher rate due to its lower calcium carbonate
content (Szabolcs 1971). De Sigmond as reported in Tyurin et af (1960) cites
an example of the complete dlsappearance of solonetzic propemes from a soil
profile 160 years after lime was applied. In eastern Europe hme in conjunctlon
with gypsum is applied to non calcareous, slightly alkaline soils. On
calcareous alkaline soils Iime‘is not used as an ameliorant unless it is
combined with an acidifier such as petroleum resins or sulfur (Szabolcs 1971).
These guidelines are reinforced by research done in the"Un’ited States. Soils
wit'h pH values of greater than 7.5 will not respond well to lime, but good
results are reported on acidic, or slightly alkaline Solonetzes (United States
Salinity Laboratory Staff 1954). -

In soils, the calcium originally contained in lime, is found in three forms,

these are shown below:

CaCOj5 (solid) <=>! Ca (soluble) <=>2 clay-Ca (exchangeable) -~

(after Hausenbuiller 1978).



Different processes govem the rates of reaction 1 and reaction 2. ‘Reaction 1

is determined by factors affecting the solubility of lime. The rate of reaction 2 is
a function of the relative activity of the calcium ion. |

Caléite_ is built of alternating calcium and carbonate ions which have
strong bonding energies; for this reason it is sparingly soluble in water. If the
soil solution is acidic the hydronium ion will diffuse rapidly to the surface of the
crystal and calcium bicarbonate will form. The time of breakdéwn of the lime is
dependent on the speed with which the hydrenium ion moves to and reacts
with the crystal, which is proportional to its concentration, soil water status, and

the surface area of the crystal. The parﬁal pressure of carbon dioxide (PCO5)

will determine the level of hydronium ion activity at which -solid caicium
_carbonate will be in equilibrium with the soil solution. Increasing the PCO; will

‘drive the following reaction right :

S

CaCO3 + C02 + HZO <=> 0324- + 2HC03'1

' (after Bohn et al 1979).
Bohn et a/ (1979) points out that this reaction will be driven left by low soil
waterand a high concentration of calcium ions even if the PCO, is high. For

this reason the PCO, is more important in aqueous solutions and under
geochemical conditions than in the soil. Even so the PCO, will play a role in
the solubility of lime in soil; an increase will lower the pH of the equilibrium
solution and increase the solubility of the solid phase. Tyurin et al (1960)

states:
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"When the carbon dioxide content in the soil air
reaches figures that are usual in the lower horizons
the solubility of calcium carbonate is slightly less
than twenty five percent of the solubility of gypsum
in water”.

?astern European researchers encourage the growth' of crops with high
organic matter content, such as grasses, following an amelioration event
./ which adds calcnum carbonate to the soil. The 'd'écaying organic matter will
increase the PCO,, thus enhancnng the solublhty of lime. In an acid soil the
dissolution of lime is rapid at first, but it declines as soil acidity decreases and

finer lime particles disappear. A near equilibrium state is reached where other

factors play a role.

20

As has been mentioned lime is a general term, most often referring to -

calcite, although it may mean vaterite and aragonite which are polymorphs of -

calcite and which have slightly higher solubilities, due to a less stable crystal
structure (Dixon and Weed 1977). Calcite may have up to five percent
magnesium in its crystal structure through isomorphic substitution.

In a soil system, it is very unlikeiy that pure caicite will be formed and

the Kgp for calcite is only an approximation of the calcareous precipitate found

in soil. Generally the forms found in soil are more soluble than caicite (Olsen
and Watanabe 1959; Doner and Pratt 1969). For this reason amelioration
techniques that mobilize native lime, such as the digo method or deep
plowing, may have an advantage over techrﬁques where calcite is applied
from an extqrnal source. N

" Factors other than the foregoing may affect the solubility of the crystal.

Szabolcs (1971) notes that calcite added to the soil becomes less soluble.due

to the formation of organo-mineral complexes, of very low solubility, on the

r



lime crystal surface. For this reason more lime is added to the soil in eastern
European reclamation than theoretically should be needed

One cannot assume a situation exists in which lime is allowed to reach,
and stay, in equilibrium with water. Leaching will increase the dissolution of
lime whj_le’, evapo-transpiration will concentrate the calcium and carbonate
ions msml solu{ioﬁ. and cause precipitation to occur. In soil solution, calcium
carbonate mayv not be the only source of caicium. Where other calcium
sources are present such as gypsum, increased calcium ion activity will
decrease the solubility of lime through the "common ion effect” (Frear and
Johnson 1929).

The presence of salts other than lime or gypsum in the equilibrium
solution will n"tf)rt always decrease solubility. Thraugh the "foreign ion effect",

lime solubilityv\quadruples in a one normal solution of sodium sulfate (Tyurin et

al 1960). This phenomenon is due to the association, and ion pairing, of

sodium and carbonate, and calcium and sulfate. As a result, the activities of
the calcium and carbonate ions decrease, and more calcium carbonate comes
into solution. Nakayama (1971) states that, if the ionic strength eﬁects and the
complex formation of the solid constituents are not taken into account, the
tendency is to underestimat;t-he solubility of the solid. Carter et al (1978)
""Used the foreign ion éffect to eﬂnhance the solubility of gypsum through its
simultaneous application with ammonium nitrate. This technique increased
the depth of penetration of soluble calcium.

Although the solubility of lime will be an important factor in determining
the rate of exchange reactions the activity of the soluble form is more
important. As has been previously noted a certain percentage of the s&uble
calcium is attracted to anions present in the soil solution and these "ion pairs”

behave as if un-ionized (Adams 1971). The degree of ion-pairing depends on
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the concentration and type of anion present, as well the pH. Ata neutral pH
or less CaS04° will be the dominant pair. At a higher pH, a greater fraction of

total dissolved calcium is complexed, and the predomiﬁant species are
CaCO040° and CaHCO3+ (Nakayama 1969).

Divalent cations form ion pairs at a much higher rate than monovalent

cations. Alzubaidi and Webster (1983) determined the degree of ion pairing

on a Duagh Solonetz: approximately 42 perceﬁt of calcium and magnesium in

sblution occurred as ion pairs, while less than 4 percent of sodium paired.
Activity coefficients were calculated through the Debye Huckel equation after
compensating ionic strength according to the amount of ion pairing. in the
Bnt1 26.6 percent of all soluble calcium and 79.2 percent of soluble sodium
was in the active form. Nakayama (1969) states that the degree of ion pairing
may explain why amelioration of alkaline sodic soils through the application of

calcium salts proceeds at such a slow rate:

"namely, that a large part of the calcium that
eventually gets into solution is not in the Ca2+ form
and consequently is unavailable for sodium
replacement”. ‘

As has been discussed, Carter ot al (1978) noted that gypsum applied in
combination with ammonium nitrate was more soluble t‘han gypsum alone,‘
and calcium moved to a greater depth in the soil profile. Gypsu;n alone
however, was as effective at lowering the ESP and hence promoting

amelioration. The foreign ion effect may increase the solubility of a calcium

salt, but not the activity of the calcium ion.

o
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2.2.1.2 Gypsum as an Ameliorant

Many of the principles previously discussed in relation to the use 9_{

B

lime as a chemical ameliorant also apply to gypsum. Historically gypsum
been used as an ameliorant for as long as has lime, and researchers
worldwide have reported lower ESP following application (United States
Salinity Laboratory Staff 1954; Tyurin et al. 14960; Graveland and Toogood
1963; Obrejanu at al 1970, Szabolcs 1971). Reported rates of application
vary from 6 to 30 t ha'!.

Theoretically- the solubility of gypsum is not dependent on pH anq
under equilibrium conditions, at standard temperature and pressure (S.T.P.), i
is approxumately 240 times more soluble than lime. As has been discussed
many factors mfluence the solubility of lime whlich are not taken into account
by S.T.P. condmons Even so, gypsum is consndered a more soluble calcium
source, and hence a Detter ameliorant than lime.

Due to the solubility of gypsum,; the electrolyte concentration of the soil

solution is increased above the flocculation value; this enhances hydraulic

conductivity, and ultnmately cation exchange. Keren et al (1980) found a,

surface application of gypsum to be very effective at increasing infiltration: in
" tontrast, the hydraulic conductivity following an addition of lime remained Iw.
The flocculation value is specific to each soil .{and is very sensitive to ESP.
Where ESP is}gré‘/at‘er than 20 to 25 percent, thé flocculation value will not-be

reached, and gypsum is not effective in increasing hydraulic conductivity and

hence ame_lioration (Graveland and Toogood 1963). Carter etal (1977) cited

the incr‘g'zas‘ed solubility of gypsu'rn when applied in combination with

ammonihm nitrate as a bossible technique for use on these highly sodic soils.
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Soil pH is not directly involved in the solubility of gypsum. However, in
an alkaline environment, a lime crust may form on the surtace of the gypSum
crystal and as a result solubility will decline (Tyurin et al 1960). Alternatively
gypsum can decrease the pH of the soil solution through the exchange of
calcium for aluminum and hydrogen ions on the exchange complex (Webster
and Cairns 1978). The pH of the soil should be taken into account when
applying ‘gypsum. It the soil is alkaline, gypsum could be applied in
combination with an acidifier such as sulfur. ' If the soil is acid, gypsum and
lime might bﬁe~' applied together. |

Although a considerable amount of encouraging research has been
done iln Alberta, the use of gypsum has not been adopted by the farming
Community. An economic supply has not been available even though
resarves of phosphogypsum, a by-product of the fertil.izer industry, are
stockpiled throughout Alberta. Phosphogypsum contains some radioactive
materials, and it has only recently been cleared by Environmental Authorities
for agricultural use (Jerome Lickacz, person. commun. 1986).
Phosphogypsum is considered a better quality gypsum source than mineg‘
gypsum due to its high rate of dissolution (Keren and Shainberg 1981). An

additional source of gypsum may be available in the future as an end product
in the removal of sulfur-dioxide (SO,) emissions from gas and heavy oil plants.

Currently SO, is released into the atmosphere though it can, however, be

reacted with lime to form gypsum. While the technology for this process is

available, its implementation will depend on changes in environmental laws

governing acceptable atmospheric emission’ levels for SO, (Albert Leim

person. commun. 1986). Transportation expenses areé significant in the

overall costs of applying gypsum, therefore sources which are scattered
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throughout the Solonetzic soil areas, such as gas plants, would significantly
influence the economic feasibility of this technique.

.

2.2.2 Amelioration - Physical ¢
1
Physical amelioration is aimed at a massive physical disruption of the
so‘dic claypan layer. The physical disruption is accomplishea through deep
tillage, or working of the soil deeper than is encountered in normal cultural
practices. Historically a variety of deep tillage implements has been used and
differing results can often be traced to the\ type of tool, as well as to the type ot
soil, and the interaction between these two factors. In regard to deep tillage,
Henderson et al (1981) state:
"Although predictions can be made from previous
research, only actual experience under local

conditions will show the practice that should be
followed". '

In western Canada deep tillage implements which have been used are the

deep plow and the "texas ripper”, or subsoiler.

1
2.2.2.1 Amelioration by Deep Plowing

Deep plowing is best described as the displacement and mixing of the
A, B and C horizon (Harker et al 1977). The uitimate aim is the physical and
chemical destruction of the Bnt horizon and a transition to a “zonaily normal”
soil. Initially the physical disruption of the Bnt allows for greater root and water
penetration (Rashussen et al 1972; Unger 1979). The lime salt layer of the C

horizon is elevated and mixed throughout the soil profile. The amount of
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native calcium salt which can be mobilized through th(is procedure Is
considerable. By plowing to a depth of 6Q cmon a Duaghv“ Black Solonetz,
approximately £7 t ha'! of gypsum, and 67t ha'! of calcium carbonate
equivalent would be elevated (Cairns 1961). These amendments decraase
surface acidity and enhance calcium sodium exchange in the A and B horizon
through an increase in the soluble Ca2+:Na* ratio (Harker et al 1977; Webster
and Nyborg 1984). Clay content generally increases in the Ap due to the
elevation of illuvial horizons (Ballantyne 1983; Buckland and Pawluk 1985a).

In eastern Europe deep plowing of sodic Soils was first initiated in the
1930's (Tyurin et al 1960). The first Canadian research began in the mid
1950's (Cairns 1962). In this study a Daugh Black Solonetz was mixed to a
depth of 60 cm and a yield increase of 33 percent was subsequantly observed
in wheat and barley crops. Further research confirmed yield increases due to
deep plowing (Bowser and Cairns 1967). In 1973 the Soils Branch of Alberta
Agriculture undertook a "Solonetzic Soil Deep Plowing Feasibility Study”.
Approximately 120 four hectare plots were deep plowed throughout the
Solonetzic soil zone of Alberta. Yield results have been variable, but
generally positive. Increased average wheat yield, based on 33 site years,
was 0.74 t‘ha“'*" (Hermans 1981). Yield increases are generally more
substantial in years where water has been limiting (Burnett and Hauser 1968;
Unger 1979; Hermans 1981; Ballantyn’e 1983; Buckland and Pawluk 1985b).
In the study by Buckland é?\d Pawluk (1985b) yield increases on deep plowed
areas were attributable to increased tillering and yield per head,
characteristics associated with red‘uced moisture stress.

Surface soil crusting may be encountered in the Ap after deep plowing.
This appears to be correlated to low exchangeable Ca:Na ratios, increased
clay content and low organic matter in the surface horizon (Cairns 1976,

C

e
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Buckland '1983). The smgle bottom "classical" deep plow, muxes and bunes

the Ap honzon In an attempt to improve surface tilth two prototype topsoul

savmg plows were desrgned by Engineering and Home Desngn of Alberta
Agnculture and manufactured by Keliough Bros Ltd., of Stettler Alberta
(Hermans 1981). The three layer topsoil saving plow was not effective in
rerainirig the Ap on the soil surface and did an inferior job compared to the
single bottomed deep plow (Lavado and Cairns 1980). The topsoil saving
wheel plow was more efficient in saving the surface layer but it has remairied

a prototype. High upkeep costs, and 'Iow demand, have disceuraged the

 manufacturer from preducing more units (Fred Kellough person. commun.-

1986). e |

Altrxough premisi'ng e)rperimental results have b’een obrained through
deep plowing it has not been widely accepted by the western Canadian farm
‘commumty High costs, coupled with the slowness of the operation, and the

_inabitity to retain the Ap on the sonl surface, have dnscouraged farmers from

plowing large acr_eages. In the Iate 1970's subsoiling or ripping began o

grow in popularity and since that time substantial acreages have been ripped

(Plett 1982). Farmers estimate initial subsoiling costs at approximately 25
percent of deep plowmg (High 1979). The custom ratgfor ripping is
\ approxrmately 74.00 $ha -1, and ﬂmJecustom deep plowing is not commercially
avaulable itis estlmated that a fair rate of return for a custom operator would be
—250-00 $ha'1 ( Hermans 1979).

| Subsoiling is much-faster than deep plowing; a 5 shank subsoiler can
work 1.2 ha hr"? while a deep plow can work .3 ha hr! (Drever-and Wiens

1980). In 1986 Kellough B'ros' Implements had built and manufactured

approxnmately 11 deep plows and 140 subsoilers (Fred Kellough person )

commun 1986) ‘While other. |mplement manufacturers have marketed rippers
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in western Canada, no other commercial manutacturer has marketed deep
plows. Taking into accdunt the ha hr! that can be worked, it is obvious why
substantial acreages have been rippéd. and why the relative acreage in

proportion to areas deep plowed is large.

2222 Amelioration by Ripping

-

- In the Iiterature r&ing is used interchangeably with deep loosening,

subsouhng or ch|sel|ng his term generally means a deep working of the

subsoil without bringing matenal to the surface (Duley 1957). Lavado and
Cairns (1980) define a ripper as follows:

¢
*a chisel with wide blades designed to elevate and
mix some of the Csk with the Bnt horizon while ™

retaining most of the Ap on the surface.” ~

N ,
i

Under ideal circumstance ripping will shatter the Bnt thuS-"‘i;ﬁcreasing

aerati‘on, water infiltration, water holding capacity and root penetration. While

some of the lime-salt layer may be elevated throughout the profile, the amount |

is thought to be much less than that lifted by deep plowing. A physical

disruption without provision for chemical amelioration has not been

considered likely to have long term results. For this reason calcivm salts, such -

as gypsum and lime, are often added in cb’mbination with ‘r’ipping (Szabolcs
1971). |

"The effectiveness of ripping will depend on the extent to which the
claypan ns shatfered The degree with Wthh this ob;ectnve wnll be met
depends on:

1. implement design,

2. depth of operation, | .
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3. soil moisture at the time of s'ubs’oiling. — -

4. number and direction of operations.

While ripper designs vary, they follow a general trend. Most have
curved standards which reduce draft, as the effective pressure is upward from

the point rather than a direct horizontal pressure on the standard (Nichols and

Reaves 1958: Aleksandrian 1980). The upward pressure from the point

encourages the development-of a "shear plane”, similiar to a wedge being

driven into a fracture. “This shear plane should develop at, or below, the

" interface of the Bnt and C horizon. A variety of subsoilers are used in western

Canada and the most popular model is the Kello-Bilt Subsoiler manufactured
by Kellough Bros. Ltd. Thns ripper is avaulable with 3, 5 or 7 curved standards

arranged in a "V" desngn Early models were capable of operating to a depth

of 48 cm with shank spacings, center to center, of 61 cm (Drever and Wiens

3980) Later models are theoretically able to reach a 60 cm depth; shank

spacnngs are 76 cm, center to center (Fred Kellough person. commun. 1986).

' For maximum shattering to occur, White and Gartner (1981) suggested
the spacings between ripper testh should correspond to the dimensions of the
stable dessication cracks surrounding the large columns in the Bnt. If
horsepower is a limiting factor some tarm operators remove intermediate
shanks, effectivel_yvdoubling shank spacings. Where this procedure was
followed, it was found that the wide shank spacing ‘\caused poor intershank
dlsruptlon resultlrég in less homogeneous physicochemical characteristics
hroughout the soil profile ( Riddell 1986 ). Wide shank spacings may result in

variable crop growth with a ranker more vegetative growtn on the shanked, as

- compared to the inter-shank, zone. The ranker growth comes to maturity later,
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thus complicating harvest management (Jer'ome Lickacz person. commun.
1986). ,

The corract depth of ripping will depend on the depth and thickness of
the claypan layer. In the Bnt, upper columns of small diameter merge at depth
into larger columns. The smallier columns are less stable and dessication
‘cracking occurs at irregular locations; a physical alteration in these small
columns will have little lasting influence (White and Gartner 1981). R'él‘::manent
fracture planes are located between the large columns (Holmes and Stace

‘ 1968). For amelioration to be effective the depth of ripping, and nence uplift,
must be below these large columns (White and Gartner 1981). Lavado and
Cairns (1981) cite the thickness of the Bnt as being partiallyx{esponsible for
poor physicochemical properties on a site where ripping “was deemed
unsuccessful. ‘As ripping depth increases a critical depth is reached at which
draft increases rapidly. This critical depth corrasponds to the- polnt at which

plastlc flow shear or soil movement by plastic flow around the standard,

' !ns and the development of a shear plane ceases (Trouse and Humbert -

g9). In the region of plastlc flow shear the walls of the vertical grooves cut
bv the ripper becomevcompact.ed, to a higher bulk density. Maximum
disruption occurs in the shear plane zone, therefore soil should be ripped to a
depth where shear plane development is maximized, and plastic flow shear is
mlmmtzed " In practice ripping depth is often limited by lack of power, and/or

slippage (Len Solick person. commun. 1986). “”

If the soil is moist ripping, will not be effective ( Nichols and Reaves

1958; Unger 1979; White and Gartner 1981 ). Disruption will be minimized as
shear plane development will occur at a shallou( depth (Trouse and Humbert
1959). Alexandrian (1980) set the critical gravimetric moisture content for

ripping below 20 percent. Alternately, if the soil is excessively dry,
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management problems arise from large clods of Bnt left on the surface.‘ Soil
moisture content at the time of ripping is- the most impoﬁant‘management
variable determining success or failure of the operation. Riddell (1986)
speculates that a Iack of disruption and alteration of soil chemncal propertles at
one study site may hdve been due to high moisture, present in the proflle at
the time of ripping. )\
The majority of ripping is done in a snngle tilage operation. Where
| horsepower and/or traction is not sufficient to np to the desnred\\depth or a

more complete shattering is desired, multiple passes could be used.

Research has shown that double cross operations, or three individual passes,

are more effective than single cross operations; cross ripping at a 45 degree
angle provide’g. the greatest ,amourii of shattering (Trouse and Humbent 1959).

Subsoiling research began in the United States in the late -19th century

(Duley 1957). In Russia research was initiated in the 1930’s (Tyurin et al

1960). Research began relatively late in Canada, with the first reported work

occurring in the early 1970's (Riddell 1986).
Variable yield results from ripping have been reported in the literature.

Generally favorable agronomic results have been reported in eastern Europe

(Obrojanu et al 1970; Bocskai 1974). In the U.S., Sandoval (1979) and White -

et al (1981) reported increased crop yields due to deep ripping, while

Rasmussen et al (1972) found no changes. It appears to be very difficult to

predict success based on experience at another location. Bocskai (1974), in

R

reference to subsoiling, states:

"The data relating to soil reclamatlon arg, as a
matter of course, only "applicable. to Hungarian
conditions.”
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In C.::mada. Cairns and Lavado (1981) reported an increase in oat yfe|ds from
ripping under field conditions and Barl'ey 'under gresnhouse conditions at one
_sitg, and a decrease in barley \yields under greenhouse conditions at another.
Webster and Nyborg (1984) found yield increases of 45 and 50 percent for
- barlgy and alfalfa respectively at one site, but a slight decline in yields at
anotﬁé?.\ Due to the lack of data correlating yields and ripping under
Canadian conditions, the Soils Branch of Alberta Agriculture in cooperation

with local AgricuIthaI Service Boards began to establi;é,h plots in the late

1970's, comparing ripping and ripping in combination with lime and gypsum ‘

(Hermans 1979). More than 30 plot sites- have been established -and
preliminary results indicate. ripping increases yield substantially, but the fole of
lime and gypsum is |ess clear (Jerome Lickacz person commun. 1986).
Bocskal (1974) found ripping in combination wuth a surface lime apphcatlon
and a subsurface mjectlon of gypsum increased ;llelds over ripping alone.
Waebster ‘and Nyborg (1984) reported similiar results for chiselling in

combination with surface applications of lime or gypsum. In addition, the

combined chiselling gypsum treatment gave higher barley yields'ihan deep

plowing at one site. The soil at this site, a Duagh Black Solonetz, was poorly'

drained with high subsurface salinity; poor surface tiith depressed yields in the
plowed treatment. ) |

Theoreticallyﬁ ‘ripping should increase hydraulic conductivity hy
increasing the proportion of large continuous macropores (Saveson and Lund
1958). Surface material may fall or material from depth may be lifted, into
cracks and ruptures in the Bnt. If this material has a low ESP it will not
disperse and infiltration will increase along these planes (White-and Gartner
1981). Increased water infiltration on sodic soils, following_ ripping, has been

reported in the literature (Abraham and Bosckai 1971; White et al 1981;
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Riddell 1986; Yakowlev 1983L..E/_hﬂ90ther researchgrs have found no change
(Rasmussen et al 1972). Lavado and Cairns (1980) reported a decreased
‘infiltration rate in the Ap, but an increased rate in the Bnt.

It is generally reasoned that subsoiling -will not generate the types, or
magnitudes, of physicochemical changes g\kperienced with deep plowing
(Rasmussen et al 1972; Webster and Nybf)rg 1984: Riddell 1986). Reports in
the literature are scanty and contradlctory\but they generally support the
hypothesis that ripping may elevate maten\1 from depth. The altered
physicochemical changes associated with this elevatlon may not be positive
(Lavado and Cairns 1980; Riddell 1981). Research also indicates that ripping
will enhance the penetration and ameliorating action of surface applied
calcium salts (Ras’mussen et al 1972; Webster and Nyborg 1984).

A question uppermost in the minds of. farm operators, extension
personnel, and researchers is the magnitude and duration of beneficial effects
of ripping; the economic feasibility of this practice hinges on{the answers
(Hermans 1981). Eastern European researchers believe ripping must be
repeated at a‘ppr'oximately four year intervals (Obrejanu et al 1970; Bocskai
1974). Other researchers feel that if soIonizatidn\&rpcesses no longer exist, or
are very weak, amellioration may be permanent (Whife and Gartner 1981). For
this reason, Hermans (1981) identifies soils with low sodium levels in the
hardpan as the most eligible for amelioration through subsoiling. Other
questions to be answered are:

1. Will enough calcium carbonate be brought to the surface to

raise the pH of the acidic Ap, or is liming necessary? |

2.  Will germiﬁation problems result, simfliar to those

encountered on some deep plowed sites?

Hopefully this thesis will atteast partially answer these and ather questions.
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3. Materials and Methods
3.1 Site Description S
3.1.1 Location - Climate - Vegetation -

The study site (NE - 25 - 36 - 16 - W4) is approximately 15 km south ot
Halkirk, Alberta' (Figure 1). The climate of the region is continental,
characterized by long cool summers and cold winters. Average yearly
precipitation is 380 mm with approximately one quarter of this as snow (Le
Breton 19;/'1). The average moisture deficit is approximately 200 mm. Using
climatological data from‘ various soutces, Buckland (1983) demonstrated that
a large percentage of sﬁmmer precipitation in this regiqn occurs within a short
time period. Under these conditions timing of the rainfall, as well as the rate of
infiltration and water storage capacity, will determine the effectiveness of
growing season precipitation. |

The study area falls on the ehictreme southern edge of the aspen
parkland vegetative zone, a transition area between the northern
deciduous/coniferous forests and the southern éhort and midgrass prairies.
The semiarid climate, in combination with soil properties, limits plant grdwth.

Stalker (1960) in reference to this region sftes:

“the amount and type of vegetation, both natural
and cultivated, are strongly affected by the lower
precipitation, the higher rate of evaporation and the
rather impermeable soil formed from shallow clayey
bedrock.”
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Figure 1: Location of Experimental Plots’
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3.1.2 Bedrack and Surficial Geology - Physiography - Hydrogeology

The bedrock unit underlying the study site is the Edmonton formation of

Upper Cretaceous age (Stalker 1960). The formation consists of clay, shale,

argillaceous silt, sandstone, sand, and coal seams; it is of brackish and .

freshwater origin. , The overlying g,&acial drift material is thin and composed of
modified bedrock}f The Torlea flats are the physiographic division
encompassing the study site. This region contains rolling plains, dry lake
basins, and small scattered hills; it is a "n:onotonous area of low relief"
(Stalker 1960). X

The study site is located on flat terrain at an elevation of 844 m.

Following the last glacial stage, the Wisconsin, the maximum expanse of

Glacial Lake Gough was approximately 3 km south. The northernmost

boundary of present day Sullivan Lake is 3.2 km directly east of the\ study site;
the difference in elevation between lake and site is 37 meters. With the retreat

of the ice pack Glacial Lake Gough drained rapidly in a north eastward

direction into present day Sullivan Lake (Stalker 1960). The study site is less-

than 3 km north of the drainage channel as a result, local groundwater at the
site would have dropped rapidly following de”glaciatiﬁn.

Recharge water for regional flow systems in the Torlea flats is generally
believed to have its origin in the high lands surrounding, and west of, Red
Deer, Alberta (Le Breton 1971). The general trend is to view the interior plains
region as a discharge area (Pawlukv 1982); local conditions and features may
confound the issue however. Le Breton (1971) found groundwater levels to
decline with increasing depth in the flat country surrounding Halkirk. He

speculates that groundwater movement is generally downward in this region.

’
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Site specific investigations into the diraction of groundwater flow, or depth to
groundwater, were not undertaken in the} present study, but no evidence
exists: such as springs, or artesian wells, that groundwater is moving upward
due to hydrostatic pressuré. Surface topography suggesfs that local flow
systems will discharge into Sullivan Lake; upward maoving water from regional
and intermediate flow systems would be intercepted by these loc¢al systems.
Groundwater flow for the area is termed as "sluggish” (Le Breton 1971); an

average well will yield 4.5 - 22.5 L min™1.
The major soluble salts found at a depth of less than 70 m are NaHCOg

and Na,SO,, with NaHCO3 being usually dominant. At a depth of greater than

o

70 m Cl-is the major anion and Na* the major cation (Le Breton 1971). In the
present study groundwater was obtained from a shallow well, less thén 70 m
in depth located approximately 500 m east of the study site (Figure 1). A
_routine chemical analysis was carried out by the Water Analysis Section
Albané Environmental Center, Vegreville, Alberta according to procedures
outlined in Tarus et al (1971). The results are listed in Appendix 1; sodium,
'expressed in me L' constituted 96% of the total cations and bicarbonate 98%

of the total anions.

3.1.3 Sail

The soil, at the experimental site, was recently mapped as a Halkirk-

Torlea series, a Dark Brown So%dized Solonetz, with minor inclusions of Dark
Brown Solodéﬁ. Solonetzic Dark Brown Qhamozems and Gleysols. The parent-

" materials are clay loam to clay til-vepeer, occasionally discontinuous, over
residual or modified residual shalile/; (\;ﬂells and Nikiforuk 1984). A Halkirk

series developed on till, while a Torlea developed on residual material.



3.2 Plot Design

All plots were established in the late fall of 1981, on private land, by the
Soils Branch of Alberta Agriculture in cooperation with the farm owner
operator, Len Solick, of Halkirk Alberta. Plot layout and size are shown in
Figure 2.

The effactiveness of ripping and liming, alqne and in combination, were
to be determined through crop response. The entire plot area was treated as
d}\e field for management purposes and the plots have been in contivnuous_
" wheat since their inception. The study site was designed as one repeat in an
overall experiment involving many sites: these sites were to serve as a
demonstration, as well as a yield experiment. Visual observations and some
preliminary chemical analyses were done to gstablish that the plot site was
fairly uniform; data for the chemical analyses, performed by Alberta Soil and

Feed ‘Testing Laboratory (A.S.F.T.L) are presented in Appendix-2.

3.2.1 Liming Treatment

Agricultural limestone(CaCOj) or "lime”, in the common Ianguagé, was

applied at a rate of 5.6 t ha'!. A lime requirement test based on a butfered
method (McKeague 1978), as performed by‘A.S.F.T.L..‘had determined 4 tha''
to be sufficient to raise the pH of the Ap over 6.5 (Appendix 2). Lime was
applied-in a powdered form (<250 um) with a rotary fertilizer spreader; the
application was immediately followed by shallow cultivation to a depth of 10

cm. All work was performed by the cooperating farmer under the direction of
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Figure 2: Field Layout of Ripped and Limed Plots

* not to scale
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Alberta Agriculture in the fall of 1981, The roté‘ry applicator's width of spread

was 11.9 m. To achieve uniformity of spread, lime was applied in two passes
in a 1/2 overlap pattern: as a result the outside 5.9 m of each treaiment
received only 2.8 t ha'!. This pattern in combinatibn with some drifting of lime
gave an indistinct "edge” effect which was determined through pH testirig. at

intervals, across the boundary of limed and control plots.

3.2.2 Bipping Treatment

Subsoiling was done one week after liming operations by’ t?\é
cooperating farmer. A wheat crop had been grown the previous éummer as a
L

result subsoil moisture conditions were low and consndered |deal for ripping.

Substantial shattering of the Bnt was observed (Len Solick person. commun.

1985). A single pass was made with a five shank, Kallo-Bilt modsl 5000,

subsoiler; the ripping depth was approximately 40 cm, with a shank spacing ot

61 cm, center to center. 9 , ot
Subsoiling was not done to its intended southern boundary in the

Ripped+Lime plot, (RL). Consequently a second limed plot of approximately

25 meters in width was inadvertently establishgd between RL an%mroﬂc

this plot will be referred to as Limed 2 (L 2)%

boundaries of this plot were confirmed through pH readings across the width

and boundary of RL, L2 and C, and through personal communication with the

farm owner.

ure 2) The presence and.~
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3.3 Chemical and Physical Analyses

331 Sampling ~

A

Soil sampling for Chemlcal and physical analyses was done in the early
summer of 1984; the sampling procedure lnvolved a series of steps An lnmaL
samplrng point (pit 1), was established in each treatment 50 m from the east
boundary of the plots;" this pcrnt was an equal distance from the north and
south boundary of each treatment, thus eliminating any "edge effect". Nine
additional pits were located at strict 10 m intervals directly west -of pit 1(Figure
3). s

‘ ‘The soil was sampled by horizon; large 4 kg samples‘were taken from
the Ap, Bnt, BC and Cca at each sampling point. Care was taken to ensure the
profile had the morphologtcal charactenstlcs of a Solodnzed Solonetzrc Soil.,

All pits -met this requnrement The soul prome was extremety shallow. the

| approxumate thickness of the Ap was 10 15 cm, the upper boundary o. the Cca

horizon was generally located 25- -35 cm trom the sod surface "The maxnmum

'depth of ripping (40 cm) was below the interface of the B and C honzons

In the ripped treatments trenches were excavated perpendicular to the

T~

direction of ripping and shanked zones were Iocated visually. More.than one

zone was located in each trench and measurements were taken to conflrm the

dlstance between shanked: zones corresponded to dimensions between
‘t

-shanks. As the Iocatlon of thef’shanked zone was established in each pit |t

wg&conﬁ’rmed they were in a strarght hne,‘?hecause the subsoiler had travelled‘

S i

R
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Figure 3 Sampling Procedure for Chemical and Phyﬂsical Ana‘lysesl g
. ' N ! T
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in a straight east-west line throughout the field. Paired samples were obtained

from the shanked area ( on shank zone (OS)), and the intershank area (1S)

(Figure 3)'

For the non-ripped treatments C and L ten pits were sampled for each '

horizon, a total of 40 samples/treatment. The two ripped treatments, RLand R,”

were further subdivided into four treatments. They are; Ripped and

Limed on shank.(RLOS). Ripped and Limed intershank (RLIS), Rnpped on
shank (ROS), and Ripped‘ intershank (RIS). Forty samples were obtamed from
four depths, for each of these treatments, thus 80 samples were obtained for
gach of the main treatments RL and R.

The bulk densaty(Db) of the Ap and Bnt was determmed by the "core

method" (Blake 1965), for each of the six treatments; C, L _LHOS. LRIS, ROS

and RIS.. The Bnt was sampled in the summer 0

pits. The Ap was sampled in November, 1985. "points were located

1 m wast of the original pits. A Euland core ide diameter of 7.6 cm
was used. _ ] L
% In November 1985 the profile Db to' a depth of 40 cm was measured
through an excavation method (Blake 1965). This procedure was used in an
attempt to detect diffel\‘en’ces between treatr,nente within the total profile to the
' depth of ripping F"f\je pits with diameters of approximately 25 c¢m wete
excavated 2 m north of sampling sites 1 to 5 in the C and R treatments; no
distirtctio.n was made between intershank and shanked areas in the R
treatment. The soil excavated from each pit was oven dried at 105 oC and a
dry mass obtained. “The pits were lined with thin polyethylene bags and their

volume determined by filling with water.

C &
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3.3.2 Chemical Analysis

4

All samples taken for physical and chemical analyses were air dried at
20° C, the samplés were then ground to 2 mm on a rollerball mill. Soluble
anions (CO52, HCO3", NO3- and $0O42) and cations (Na*, K+, Mg +2and Ca+*?)
were determined for all samples, on solutions extracted from saturat%‘d soil
pastes. In addition, Cl- was determined on all samples from the Ap. Saturated
pastes were prepared‘ by standard methodsAoutIined in McKeague- (1978);
Saturated pastes were thoroughly mixed at appro;—mate field capacity and
allowed to stand 24 hours before vacuum extraction. The gravimetric moisture
percent of pastes before extraction, was determined by oven drying.sub-

- i

Sulfate was detgg

samples.

gjned by a colorimetric BaCl, method on a Technicon

Auto Analyzer IITM (Léz'n] et al 1966), Carbonate was determined by titration
with .01N H,SO4 to the flash point of phendlpht‘hélein; bicarbonate was
determined by further titration of the sample to pH 4 using a pH meter and
aut’otitr»ator.‘ A subsequ‘ent.".-‘,;galculation was uéed to compensate for
bicarbonate prodUced during the initial carbonate titration (Anonymous 1982).

Nitrate was determined by a colorimetric method involving the reduction of .

-

nitrate to nitrite and then a subsequent reaction with sulfanilamide to form a
diazo compound (Grasshoff 1969). Chloride was. determined by titration witﬁ‘
AgNO4, usmg ‘the standard Mohr method (Harris and Kratochwl 1981). Care
was taken to ensure that cations ‘and anions approximately balanced. Where
cations and anions were expressed in me L1 if the balance difference was
greater than 15%, as calculated by the ‘formula below, samples were re- done

Balance = |cations- anlons|/|cat|ons+an|ons| x100.



N 1
L

This procedure was in accordance with the "high quality data” definition of

Bresler et a/ (1982); which is:

"the sum of the cations in mEq/l should be
approximately equal to the sum of anions in mEq/l.”

A conductivity bridge was used fo determine the E.C. of all samples of

saturated paste extracts (McKeague 1978). The pH of all samples was

determined using soil water solutions at a ratio of 1:2.5 respectively

(McKeague 1978).

3.3.3 Physical Analysis __

Particle size analysis was done on all samples, ot all traatm\bnts, fof the
Ap horizon. In the Bnt and BC horizons analysis was done on C, ROS, and
RIS treatments. No particle-size analysis was done on any samples' from the
Cca horizon. The hydrometer method as outlined in McKeague (1978) was
used. Readings were taken at times of .5.min, 1 min, 3 min, 10 min, 30 min,
4.5 hr and 24 hr. |

Water rétention at -33 kPa and -1500 kPa was determined using
pressure plate apparatus (McKeague 1978). In the Ap, all samples of all
treatments were done. Samplés from pits 1 to 5 were done tor all treatments
in the Bnt, BC and Cca horizons.

Modulus of rupture was determined on the Ap oftreatfnents ROS,
RLOS, C and L. Five replicates were done on each sample according to the

procedure outlined in Richards (1953).
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3.4 Moisture Analysis

In late May of 1985, following seeding, sampling pits, tor chemical and
physxcal analyses as well as the location of shanked zoneS\ established in

1984, werse relocated Soil moisture content was determmed ravimetrically

fot the six treatments at ten dates from May 19851“) April 1986. Ei

dates were.fairly closely spaced through the summer of 1985, additional

ht sampling

- sampling was done in the late falll of 1985 and the early spring of 1 \86. The
profile was sampled in three equal intervals of 12.7 cm to a total depth of 38
¢m, the approximate depth of ripping (Figure 4). A narrow diameter, 1.5 cm,
Oakfield sampler was used.

On May 30, 1985, initial sampling points were gstablished 2 m west of
the former "chemistry” sampling pits. In the ripped treatment the intershank
zone was sampled 30.5 cm north of the shanked zone. As gravimetric
moisture sampling is site destructi\re each successive sampling point was
relocated 75 m west of the previous point (Flgure 4). Care was taken not to
dlsturb vegetation in the future samplmg area, and holes were plugged after
each sampling in order to avoid any influence on soil moisture prooemes.

Gravimetric moisture sarrlples were sealed in plastic bags, and keptin a
styrofoam cooler in order to eliminate ‘moisture loss ‘during transport to the
laboratory. Soil samples were weighed before, and after drying at 105°C for
48 hrs; the gravimetric moisture content for each sample was then calculated.
On each sampling date 30 samples were obtained per treatment, to a depth of

38 cm, fora total of 180 samples. Daily precipitation from late May to mid
August 1985, was monitored using a standard Alberta Forest Service rain

3

guage capable of measuring to the nearest mm. -
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Example of Gravimetric Moisture Sampling Procedure-Non Ripped Treatments

—
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Figure 4 Gravimetric Moisture Sampling Procedure (-3 depths -10 dates.

47



48

Through a computer program the available water content of each
sample, in mm, was calculated using average bulk densities from all
_ treatments and average wilting points values for each treatment in the surface

and subsurface horizons.

3.5 an__BQQL_Ussue_Anaanas

The plots were continuously cropped to wheat (Triticum aestiuum L) in
the years following treatments. Neepawa was planted from 1982 to 1984 and ‘
in 1985 Columbus was used. Seeding rates, date of seeding, fertilizer and
herbicide application were identical in all treatments; all field operations were
performed by the cooperating farmer. Prior.to harvest twenty (0.836 m2) cuts
were taken, at random, from the four main plots; R, RL, C and L by statt. ot
Alberta Agriculture. Grain and straw yields were determined for each sample,
following drying.

On Aﬁgust 12, 1985, soil cores were taken for a root mass comparison
between RL and L 2. Ten paired cores were taken at 4 m intervals,2 m on
gither side of the boundary separating the two treatments; the initial sanﬁplin.g
points were 50 m from the east boundary (Figure 5). The sampling was done
with a coring truck provided by the Soils Branch ot Alberta Agriculture. Care
was taken to randomize sampling, no attempt was made to sample directly -
over seed drill rows, or to avoid such points. Similarly, no attempt was made o
to sample consistently in the shanked zone, or the intershank zone of the
ripped treatment. Cores were 6.7 cm in dnameter total core lengths were 76

cm. Each core was subdivided into 5 equal segments of 12.7 cm (Figure 5).

,;ﬂhe cores were washed in a root washer designed and built by staff of the
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Figure 5 Root Sampling for Two Treatments and Six Depths.”
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Plant Science Division, Alberta Environment, Vegreville Alberta. After
washing, organic debris wag separated from the roots by hand; the roots were
oven dried at 50 °C, and dry mass obtained.

Plant samples, for tissue analysis, were taken from each of the four
main treatments on June 30, 1985. Three m2 cuts were taken for each
treatment; sampling areas were located 4 m north of the first three pits in each
treatment. Plant samples were analyzed by A.S.F.T.L. Total nitrogen and
phosphorus were determined by a block digestion and colorimetric technique.
Percent nitrogen was multiplied by a factor of 6.25 and expressed as percent
protein. Calcium, magnesium and potassium were determined by atomic
absorption following dry ashing. All values are expressed on a percent dry
weight basis and are presented in Appendix 3. Laboratory techniques used
are modifications of standard techniques and are specific to A.S.F.T.L. (A.

Bollo-Kamora person. commun. 1986).
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4. Results and Discussion
4.1 Chemical and Physical Analyses

Dat‘a from chemical and physical analyses for each treatment were
" analyzed by horizon using a one way analysis of variance. If f values for
treatments effects were significant, multiple-means comparisons were
obtained through the least significant ditference test at a probability of £5%.
The statistical analysis- was performed on a computer using the Statistical

Package for the Social Sciences ( version 2.1 ).

L3
_-

4.1.1 Chemical Analysis

4.1.1.1 Soluble Cation Ratios: Sodium Adsorption Ratio, Mg/Ca
—Ca/Total Cations

{ ——As-has been previously discussed exchangeable Na as expressed by
'ESP hase direct influence on soil physical properties. Many studies have
shown that at equilibrium the ratio of cations in soil solution is proportional to
the ratio of exchangeable cations (United'States Salinity Laboratory Statt
1954). Soluble cations are more easily determined and with less
experimental error than exchangeable cations for this reason recent
researchers have recommended determining SAR rather than ESP (Bresler et
al 1982). Sodium Adsorption Ratio (SAR) is defined as follows:
 SAR = Na*/((Ca2* + Mg2+)/2)112" .

*lon concentrations are expressed in meL .
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When SAR is increased above a critiéal value pdor soil physical properties

will result. SARis direbtlgi related to ESP through the formula:

ESP = (kSAR(100) ) /(1 + kSAR)
(after United States Salinity Laboratory Staff 1954).
| g |
The probortionaliiy constant k is related to soil properties, and may vary for
~ different soils. The.parareters which most influence k are clay content and
organic matter ( Harron 1979 ).’ If the proportionality constant does not vary,
between soils, a direct relationship exists between ESP and SAR.

Carter et al (1979) derponétrated that soluble Mg/Ca ratios of greater
than 1.0 and soluble Ca/TC ratios of less than 0.15 would induce Ca
deficiency in barley. Ca/TC ratios can be viewed as the fraction of Ca in the
total cation suite. The Mg/Ca ratios‘. Ca/TC ratios and SAR valges for the six
.4 ants and four horizc‘)ns are presented in Table I. As treatments were

¢ pared statistically within each horizon, means which are not followed by

s »

the same letter within {f##column are significantly different at the 5%
probabiliiy level accordingw%’bhe least significant difference test.

The ditference in SAR values between any two treatments in the Ap
were not significant. There was a tendency toward higher Na in the ripped

treatments compared to the non-ripped treatments, but it was compensated by

a similar trend toward higher Ca and Mg (Table 2). For Mg/Ca ratios in the Ap, -

there was a trend toward higher values in the non-ripped treatments as
compared to the ripped treatments. Control had significantly higher Mg/Ca
ratios than all other treatments, followed by the limed treatments: L, RLIS and

RLOS. The lowest Mg/Ca ratios were found in the RIS and ROS treatments
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Table 1. Multiple Means Comparisons! of Cation Ratios for Six Treatments
and Four Horizons.

S SAR
------------------------- Horizons-----=-====-==s--=s==x
Treatments Ap Bnt BC Cca
Ripped on shank 5.1a 6.4a 9.1ab 11.3ab
Rifped intershank _5.3a 6.1a 9.4ab 11.1ab
Ripped + Lime on shank 4.2a. 6.4a 7.5a 9.0a
Ripped + Lime intershank 4.2a 6.5a 8.1a 9.0a
Control 4.4a 12.70 12.8¢ 13.4b
Limed 4.8a 12.6b 12.3bc 14.4b
Mg/Ca
‘ o mmmmemmmmmmmemeeenee Horizong----=--==-=-==----- -
Treatments ~Ap Bnt BC Cca
Ripped on shank 0.48a 0.65a 0.61a 0.72a
Ripped intershank 0.44a 0.65a 0.66a 0.70a
Ripped + Lime on shank 0.52ab 0.59a 0.53a 0.57a
Ripped + Lime intershank 0.52ab - 0.68ab 0.56a 0.57a
Control 0.69¢c 1.02bc 0.60a 0.69a
Limed 0.59b 1.12¢ 0.79a 0.67a
Ca/TC
N | eeemeemmeemmemneesneees HOrizong-=--+===-====-==--==--
Treatments. - Ap Bnt BC Cca
Ah L &
Ripped orf shank:t. . 027b& . *4,20c 0.17a 0.19a
‘Ripped intershank .+ L0@8bc . . 040c - .~-0.16a 0.22a’
- _Ripped'+ Lime on.shank £028¢ [ 0.19c * 0.16a 0.20a
Ripped #+ Lime intersank.0.27bc’ Lipbe Orsgga' - 0.23a
Control Al 0.14a < 00%a . 0.16a
. Limed R 02gb 0.11a” 0.14a
TR R R O S T B

y
R
5

4

' B ans 'within Ao“:qlum‘h\s,‘_nqt followed by the same letter(s) are significantly
‘diffatent according to the least significant difterence test p<5%.
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Table 2. Multiple Means Comparisons! of Soluble Cations for Six Treatments
and Four Horizons.

Na ( meg L")
------------------------- Horizong-----------esemmeosens,
Treatments Ap Bnt BC Cca
Ripped on shank a’.8C 9.0ab 14.6b 35.2a
Ripped intershank 7.8c 7.9ab 15.4b 41.5a
Ripped + Lime on shank 6.3bc 8.2ab 8.3a 22.9a
Ripped + Lime intershank 6.0b 7.0a 9.3a 22.0a
Control 3.2a 11.1bc 13.4ab 38.3a
Limed 5.0b 13.2c 13.2ab 34.8a
i Ca(meql-!)
------------------------- Horizong-----------=x-=-==-o--
Treatments Ap Bnt BC Cca
Ripped on shank 3.3c  4.0a 4 5a 12.1a
Ripped intershank 3.1c 3.2a 4.5a 15.5a
Ripped + Lime on shank 3.1c 2.7 1.6a 9.4a
Ripped + Lime intershank 2.8¢c 1.5a 1.7a 10.0a
Control 0.6a 0.8a 1.4a 9.6a
Limed 1.8b 1.2a 1.4a 8.0a
Mg (meq L)
Horizons------=--===-=-===--- g

Treatments Ap B BC Cca
Ripped on shank 1.6¢ 2.0b 2.4bc 8.9ab
Ripped intershank 1.4bc 1,7ab 2.5¢ 11.5b
Ripped + Lime on shank 1.6¢ 1.2ab 0.9a 5.9ab
Ripped + Lime intershank 1.5¢ 0.9ab 0.9ab 5.4a
Control 0.4a ~ 0.8a 0.8a 7. 1ab
1.1b 1.2ab 1.0ab 5.4a

———————- ISR S Y PR S P TS E S S S thehde bbbt

1 Means within columns, not followed by the same letter(s) are significantly
different according to the least significant difference test ps5%.
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: d
but they were not srgnlflcantiy dlfferent trom RLO and RLIS treatments.
Ca/TC ratros in the Ap showed proportlonately nore Ca in the ripped

 treatments as compared to'the non—npped treatments. Control had statrstrcally

lower, Ca/T C ratlos than all other treatments. Although there was a trend

~ toward hlgher Ca/TC ratlos |n the ripped treatments the non- rlpped L

treatment was not stahstlcally lower than the npped ROS, RIS, or FlLlS
treatments.. * ,' R . ‘

SAR values in- the Bnt showed very dlstlnct statlstlcal ‘ditferences. The
four npped treatments had sngnmcantly lower SAR values than the two non-
ripped treatments due toa trend toward lower Na and hlgher Ca ln the ripped
treatments Mg/Ca and Ca/TC ratios in the Bnt sﬁ'éVv‘éTi_srmllartrends to those

| found for SAR values Iower Mg/Ca and hlgher Ca/T C ratios were found in the

ripped ‘treatments as compared to the non noped treatments The two non-
npped treatments had Mg/Ca ratios greater than 1 .0 and Ca/T C ratios of less
than 0. 15 These ratios exceeded the llmlts for possuble Ca deficiency in
barley as. deﬁned by Carter etal (1979).

There- was a trend toward tower SAR values for the fours rlpped

‘ treatments in the BC and Cca honzons as compared%;o the non-ripped
: treatments Drfterent:es were not as clear cut: between ripped and non- npped

'treatments as was observed in the Bnt however RLIS and RLOS treatments

did not have- significantly. |ower SAR values than ROS and RIS treatments in
the‘ BC and Cca horizons but they were significantly lower’ than C and L
treatments . ROS and RIS treatments did not.have significantly lower SAR

values than the L'tr”eatment in the BC horizon but they were significantly fower

than the C treatment. ROS and RIS treatments were not significantly lower

than'L or C in the Cca honzOn Mg/Ca and Ca/T C ratlos were not slgnmcantly

dlffergnt for any. treatments in the BC or Cea honzons

@ A 4
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In this study Ca was available from two sources; it was elevated from
depth by ripping, as CaSO4 or CaCOj3, or it was externally applied as lime

'c_. ;

i “‘*“(CaCO;,). Ripping elevated more Ca into the Ap than was ‘applied through the
A liming operation ( Table 2 ) A negative. aspect of the ripping treatment was
the elevatton of Na into the Ap but this was compensated by the amount of Ca
concurrently elevated and hence SAR values were not affected. The lack of
difference in SAR values in the Ap may be misteading due to the documented
elevatidn of sodic clay througﬂh ripping which may have changed the
.' propdrtionélity constant relating ESP to SAR. This will be discussed further in
sections dealing with surface soil structure. ﬁ
As in the Ap there was a similar uplift of Ca in the Bnt, but a decrease in
Na in the four ripped treatments as compared to the two non-ripped
treatments. _Although these changes were not statistically significant they
proddced significantly lower SAR values ( ps5% ) which denote improved soil
physmal propemes " Similarly the low Ca and high Na status of the Bnt in the
Cand L treatments may induce Ca deficiency in crops. Under low molsture ’
conditions Ca will precipitate more readily than Na, as CaS0y4 and CaCOQOg,
thus incteasing the possibility of Ca deficiency (Carter et al 1979). In the L
Atreatment surface applied Iinte did not appear to have penetrated into the Bnt.
The following contradnctory trends account for the shghtly Iower SAR
values observed for the four ripped treatments compared to the non npped
treatments in the BC and Cca horizons ( Table 1). In the ROS and RIS
treatments soluble Na was approximately aqual to the non-rippéd treatments
but solubie Ca and Mg were higher. In the RLOS and RLIS treatments soluble
- Na was lower but soluble Ca and Mg were approxnmately equal to non-ripped
: treatments In the first case the hﬂmg of Ca appeared responsuble for lower

SAR values while in the latter case the leaching of Na due to.increased water

-
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infiltration may have been responsible. The slightly lower SAR values
observed in the ripped+imed treatments in comparison to ripped alone were
not due to increased Ca and therefore are not 'attributable to the lime
application. Rippi‘ng and liming in combination did not improve soil structure

over ripping alone. No differences were observed between on shank and

intershank positions in either the ripped or ripped+limed treatments for soluble

cation ratios. For ease of presentation the ROS and RIS treatments are
combined as Ripped and RLOS and RLIS treatments are combined as

Ftipped+Lime, in a graph presenting SAR values versus depth ( Figure 6. ).

i

%It ¢,

4.1.1.2 Soluble Anion Ratios: Alkalinity/Total Anjons.

Py #

Anion ratios for the Ap Korizon are depicted in Table 3. The ratio of
alkalinity to total anions (Alk/TA) represents the fraction of the total soluble
anions composed of CO32-, HCOj3" and OH" as revealed by fitration with

| H2804 toa pH of four. The tractlon of-sulfate to total anions (SO 4/TA) is also

£

presented The differences in anion ratros between treatments were non-

significant, in any horizon: other than the' Ap.

In the Ap, the C treatment was srgnmcantly hlgher in percent sulfate and
Qe

significantly lower in percent alkalinity than all other treatments All of the

ripped treatments were significantly higher _in percent alkalinity and

significantly lower in percent sulfate tha the C and L treatments. The two
| « \ ! |

ripped+limed treatments showed a trend to\vv'x: higher percent alkalinity and

lower percent sulfate than the-two npped treat nts.
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Table 3. Multiple Means Comparisons' of Anion Ratios for Six Treatments and
One Horizon. -

\

Alk/TAZ
Treatment Ap Horizon
Control 13a
Limed .51b
Ripped intershank .69¢
Ripped on shank .72cd
Ripped + Lime on shank .79de
Ripped + Lime intershank .82e

SO4/TA2
Treatment Ap Horizon
Control .52d
Limed ) .35¢
Ripped intershank .25b
Ripped on shank--.. , .22ab
Ripped + Lime on shank .16ab
Ripped + Lime intershank 13a

™

1 Means within columns, not followed by the same letter(s) are significantly
ditferent according to the least significant difference test p<5%. ’

&Alkalinity (AlK), SO;,fand Total Anions (TA) are expressed in me 1



The major anion in the unalter_ed Ap was sulfate. The lime applicatiqn'
increas’ed the carbonate and bicarbonate fraction but not to the degree
experienced through ripping. As'wduld be expected liming in combination
with ripping gave the highest percentage of'aabonate and bicarbonate in the
- Ap horizon. ‘The implication of the elevatid%ﬁof%gl}s from depth will be further

e ..
discussed in the sections dealing with E.C. and pH.-

ar
*
- . e .

4.1.1.3 pH

The level of hydronium ion activity as expressed by pH is reported for
the six treatments and fer depths (Table 4). Significant difterences between
treatments were observed in the Ap and Bnt horizons. In the Ap the pH of the
unaltered C treatment was 5.7, this was significantly lower than the other
treatments. The L treatment was significantly lower than the four ripped

treatments. There was no significant difference between the four ripped

treatments. These differences were mirrored in the amount of carbonate and

bicarbonate in the saturation extracts of the Ap horizon (Table 5). Carbonate
and bicarbonate values were higher in the ripped treatmenté as compared to
the nonQripped treatments. In the Bnt the trend continued toward higher pH
values in the ripped treatments as compared to the non-ripped treatments,
although there was no significant difference between the L and RLOS
treatments. The C and L treatments were not significantly different ih the Bnt.
In the L treatment the pH of the Ap was raised significantly through the;

application of lime, but the pH was raised substantially more by the uplift of -

n

4
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Table 4. Muitiple Means Comparisons!
Four Horizons.

_ Treatment - Ap

‘Control _ | 5.7a
Limed - 7.0b
Ribped + Lime on shank - 8.2¢
Ripped intershénk o 8.3¢c
Ripped + Lime intershank . 8.3c
Ripped on shank | - 8.4c

.

g@H values for Six Treatments and

Cca

8.4a
8.5a
8.4a
8.4a

8.2a

pH
wmemmnumanan HOrzoNg-------=-===s==zronsoeeas
Bnt | BC |
773 8.4a
7.9ab 8.3a |
8.1 Bc; 8.4a
8.2¢c 8.5a
8.2c 8.4a
8.5a

8.2¢

8.2a

1 Means within columns; not followed by the same letter(s) are significantly
different according to the least significant difference test p<5%.

o
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Table 5. Multiple Means Comparisons! of Soluble Carbonate and
Bicarbonate (me L") for Six Treatments and One Horizon.

COz2 ( meL-1)

Treatment Ap Horizon
Control 0.0a
Limed : _ 0.2a -
Ripped intershank 1.2b
Ripped + Lime on shank 1.3bc
Ripped on shank 1.3bc
Ripped + Lime intershank . 1.5¢

HCO3’ ( me L1 )

Treatment ’ Ap Horizon
Control 0.5a
Limed 3.7b , :
Ripped intershank 6.5¢ !
Ripped + Lime on shank 6.9c
_Ripped on shank 6.6¢
Ripped + Lime intershank 6.6C
y

1 Means within columns, not followed by the same letter(s) are significantly
different according to the least significant difference test p<5%.

Ny



carbonate and bicarbonate salts through ripping. Aé pH rises lime becomes
less soluble; at pH levels found in the ripped treatments ( > 8.2 ) little applied
lime would be expected to enter soil solution ( Nakayama 1969 ). This could
account for the lack of observed diffefences between the ripped+limed and

ripped treatments in regard to the influence of surface Iimingf“?;'*

The pH of the C treatment was considered low and may have been

—

deleterious to microbial and plant growth. The pH of the L treatment would be
considered optimal. The pH of the ripped treatmehts was too high to be -

considered optimal; some plant nutrients may have been precipitated in less |

soluble forms and there may have been a negative effect on some enzyme
systems within the plant (Olsen and Watanabe 1959; Bohn et al 1979). |
In the four ripped treatments carbonate salts from depth increased the
pH in the Bnt relative to the non-ripped treatments. For any practical purpose
mp’H dlfferences between treatments in the Bnt were minor. Surface applied
lime dld not penetrate into the Bnt and thus the difference in pH between the C
and L treatment was non-significant. No differences in\\pH values were found
between on shank and intershank positions. For ease of presentation and
interpretation of pH values for the Ap hé)ﬁzon ROS and RIS treatments are
combined as the Ripped treatment, and RLOS and RLIS treatments are

combined as the Ripped+Lime treatment (Figure 7).

,Qg,;};@ ‘S

4.1.1.4 Electrical Conductivity

\
4

Electrical conductivity is reported in milliSiemens per cm (mS cm-1) for

tg@ SIX treatments and four depths (Table 6). Differences between treatments
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pH Values for the Ap Horizon

) n.
-] [ ]

pH

RIPPED RIPPED+LIME CONTROL LIMED
’ TREATMENT

Figure 7. pH Values of the Ap Horizon.
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Table 6 Multiple Means Comparisons! of Electrical Conductivity (mS cm-1) for
Six Treatments and Four Horizons.

E.C. (mScm-1)

¢ ----Horizong----------=---==csonmne-
Treatment Ap Bnt BC ~ Cca
Control 0.50a 1.14a 1.35a 4.04a
Limed 0.74b 1.38a 1.35a 3.93a
Ripped + Lime intershank 0.80b 0.80a 1.05a 2.55a
Ripped + Lime on shank 0.86bc 1.01a | 0.94a 2.73a
Ripped intershank 0.95¢c 1.04a 1.80a 5.01a
Ripped on shank 0.98¢ 1.19a 1.70a 4.14a

1 Means within columns, not followed by the same letter(s) are significantly
different according to the least significant difference test p<5%.
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were sig:nificant only in the Ap horizon; the C treatment had a significantly
lower E.C. than all other treatments. There was a trend toward highgr E.C.in
the ripped treatments as compared to the non-ripped although tﬁe diﬁerences
between L, RLIS and RLOS were non-significant. The RIS and ROS »
treatments were significantly higher than L and RLIS treatments but not the
RLOS treatment.

The application of lime significantly increased the E.C.inthe Apofthe.L
treatment, over C, as did rippingl"jt It has been suggested that resalinizafion of ~
the soil surface may occur following ripping through the upward movemaent of |
capillary water bgarirng soluble salts (Riddell 1986). If this mechanism was
responsible for observed increases in the ripped treatments the"proportion of

———ation suite composed of Na and Mg should have increased, as their salts are "
more soluble than those containing Ca. This was not observed, Ca/TC ratios
increased and Mg/Ca ratios decreased following ripping. The mechanical
uplift of salts through ripping was responsible for the the higher E.C. observed
in the Ap. The increase in E.C. was nvot sufficient to decrease plant growth in
even the most sensitive crop plants (United States Salinity Laboratory Statt
1954). Electrical conductivities deleterious to plant growth were only
observed in the Cca horizon. | .

The ripped+lime treatments had a lower E.C. inr;ﬁte Ap as compared to
the other ripped treatments although the trend was nof"~-statistically consistent.

<A lower E.C. for ripped+lime treatments was observed throughout the lower

. r -rizons, differences were not statistically significant however. This mirrors
the trend to lower SAR values throughout the sail profile for RLOS and RLIS
treatments in comparison to ROS and RIS treatments (Table 1). While a trend

exists in the ripped+lime treatments toward a less saline soil profile with

slightly improved soil physical properties the reasons for this are not clear.
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Percent sand and &layépre shown for six treatments in the Ap and three

treatments in the Bnt and.’ “BC horizons (Table 7) In the Ap the ripped
treatments were significantly hlgher in clay than the non-ripped treatments
Similarly non-ripped treatments were generally higher in sand than the ripped
treatments although the difference was non-significant between ;{h‘e L and RIS
treatments. The differences between treatments for percent sand and clay in
the Bnt and BC horizons were non-significant.

Subsurface material was uplifted by ripping, thus diluting the eluvial Ap

horizon with clay minerals. It is highly likely that ripping caused soil from tha:
Ap to fall into the lower horizons. This may be reflected in the trend toward

lower clay and higher sand in the Bnt and BC of the ripped treatments as

compared to the‘non-ripped; differences were not significant however. ;

4.1.2.2 Moisture Retention Analysis S

R
=

“Percent moisture retention at wilting point (1500 kPa) and fteld

capacrty (-33 kPa), as well as percent moisture between these values (water '

holding capacity or available water), are shown in T able 8 for the sgx, ‘ ‘

<
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Table 7 Multiple Means Comparisons' of Percent Clay and Sand for Six
Treatments and Three Horizons.

Percent Clay

b

---------------- Horizong-=--====-----
Treatment Ap Bnt BC
Control 15.5a 31.7a 32.8a
Limed 18.3a
Ripped on shank 26.5b 30.7a 31.0a
Ripped intarshank 26.9b 28.5a 31.9a
Ripped + Lime on shank 28.0b
Ripped + Lime intershank 28.0b -

Percent Sand

------------------ Honzong------------
Treatment Ap - Bnt BC
Control 48.0c 35.7a 31.5a
Limed 45.8bc
Ripped on shank 41.7a 38.1a 36.6a
Ripped intershank 42.6ab 38.4a 32.7a
Ripped + Lime on shank ,39.4a
Ripped + Lime intershank 40.4a

¥

1 Means within columns, not followed by the same letter(s) are significantly
different according to the least significant ditference test p<5%.

-
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- Ripped+Lime intershank -

Table 8 Muttiple Means Co
-1500 kPa'and'-33 kPa ) an

Four Horizons.

-

mpansons1 of Percent Moisture Retent:on (at
d Waﬁer Holdmg Capagity for Six Treatments and -

% Moisture Retention at -1500 kPa

---Horizons---- -
Treatment Ap2? Bnt3 BC3 Cca?
Control 8.9a 15.9a 17.0a 13.1a
Limed 10.0a 14.8a 14.5a 13.8a
Ripped + Lime on Shank 13.8b 16.2a - 17.3a 14.5a
Ripped on shank 14.0b J7.9a 17.7a 17.8a
- Ripped intershank 14.1b v "16.3a -17.5a - 14.9a
Rlpped+L|me mtershank 14.1b . 17.5a ck7.7a - 14.1a
- . % Moisture Retention at -33 kPa .
oo Cea @ e L *

: = --Horizons-~
Treatment - -Ap? Bnt3. BCS Cca3
Control 236a = 328a 36.1a .-30.5a ,
Limed } 24.3a 30.6a: 333a ' 30.7a
Ripped + Lime on shank 29.0c - 33.5a. 36.7a 33.3a
Ripped on shank 27.0b - 346a 36.0a 31.7a -
Ripped intershank 27.1b 4p9a  37la ' 29.9a

29.2c - 36.22 37.3a

Ripped+Lime intershank

' .'I' o /,'

Treatment

Control

Limed .

. Rlpped + ane on shank

Ripped on shank
Ripped intershank

31.6a

'; Water Holdmg Capacity ( % Avallable Water)

R _ Honzons e
Ap’-?' 7 Bnt3 " 863

" .14.76 16.8a " 19.1a
1420 = 15.8a .  187a
152b - 173a . 19.4a

' 13.0a -16.8a°  -18.3a
13:0a 16.5a - 19.5a ¢~
15.1b 18.7a  19.6a

‘Cca3

17.4a.

16.7a
18.9a

139a

15.0a
17.5a

N
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NP,

R
L gee L
[ A
CBL T
L\y
N

‘ 1 Means within columns. not fo|lowed by the same Ietter(s) are sugnmcant!y
different according to the least significant dnfference test p<5%. _

2. Values reported are means, of ten samples.

3. Values reponed are means of five samples
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treatr‘njents and four horizons. Values for the Ap are based on ten samlples _per
treatment, as has been the norm throughout this study; values for the lower
horizons are based on five samples per treatment.

In the Ap.the ripped treatments had sngnrtroantly mher moisture
retention at wilting point (W.P.), and at field capacity (F.C.) than C and L. The-

70

ROS and RIS treatments had significantly lower moisture retention at F.C. than "

the RLOS and RLIS treatm"ents and signﬁtcantly lower water holding capacity - -

as. compawd to all other treatments in the Ap. Dittere"nces were non-
sngn‘foan;a&atwden all treatment compansons in the three lower horizons,

therefore the following drscusswn pertamsto the Ap only.

The amount of water retarned under matric suction is dependant on the y

fpercentage of organic material, soul structure and soil texture (Httlel 1982).

this study moisture retentior at W.P. and F.C. was positively co[_r\etated to

" percent clay ( correlation coefficient r = .93 >andd‘.\'85 respectively) and

negatrvely correlated to percent sand (-.90 and -.91 respectively) Ripoing

' upli’fted clay to the ,Ap and this accounted for rncreased moisture retentlon at
)

both F.C. and W.P. in the ripped treatments The causeg mgte significantly

higher mousture retention at F.C. tor ripped-+iimed treatments, as compared to

- ripping alone is unknown The RLOS and RLIS treatments had htgher clay

-and, lower sand contents in the Ap than all other treatments although they

/
were not 5|gn|f|cantty different from FtOS and RIS treatments (Table 7). This

may account for the observed dtfferences in moisture retention between

npped+hmed and npped treatments Alternately the ndged treatments had
hrgher E.C. values in the Ap ttmn the rtpped+hmed treatment (Table 6); the

mcrease |n tlocgtgatgon due to htgher etectrotyte concentratron may account | «

,‘f

for the ,Lower missty 58 - r&e‘?ttton at F C Avatlabte water was sngnmcantly- o

decreased by ?pp ng in tfﬁ’e R S and RIS treatments but mcreased although'

'Q’t\

v
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not significantly in the RLIS and RLOS treatments. Differences in available
water between ripped+limed and ripped treatments were due to the higher
water holding capacity at -33 kPa for the npped+llmed treatments. Whether
ripping altered water holding capacrt in the Ap is unclear and cannot be

answered by this study. g

4.1.2.3 Bulk Density

\

Bulk densmes for six treatments and two horizons as measured by the

core method, plus two treatments to a depth of 40 cm as measured by the
excavatlon method, are presented (Table 9). Bulk densmes in the Bnt as
measured by the core- method were obtained in the summer of 1984
Differences between any two treatments were non-sngnlf;cant. Bulk densities

of the Ap were determined by the core method in the fall of 1985. There was a

ripped treatments, this may reflect a tendency toward greater pd'tenhal

eompactlon and poorer structure in the ripped treatments due to an uplrft of

sodic clay. The RIS treatment was significantly lower than all other npped‘
- treatments. The cause for thns is unknown but it does not appear to be related

to the treatment. Samples in the Ap were taken following harvest, the ‘

difference may be due to uneven compaction trom wheeled traffic during the

harvest operatron As dufferences between on shank and mtershank positions

in the Bnt were non- signifi cant no attempt was made 10 dnﬂerentlate between -

these treatments when bulk densnty was measured by the excavatron method

'm the tall. of 1985 The dtfterence |n total bulk densnty to a deptw 40 cm,

between the Rlpped and Control treatments was non- significant. Bulk densnty

,, at depth was not sugmﬁcantly altered byTipping.

R
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trendRoward lower bulk density in the non- npped treatments compared to tfie: _

/

/ ‘



Table 9. Multiple Means Comparisons! of Bulk Density for Six Treatments and
Two Depths (Core method) and Two Treatments to a 40 cm Depth
( Excavation metl%)d ).

-

Bulk Density gms cm-3 (Core method) )

------- Horizons----------
Treatment : Ap2 Bnt2
Ripped on shank .1736a 1.42a
Ripped intershank - 1.28b 1.47a
Ripped + Lime on shank 1.37a . -1.45a
Ripped + Lime intershank 1.36a .~1.50a
Contral’ 1.27b - 1.49a 3

Limed ‘ - 1.31ab 1.54a

I3

- -

‘Bulk Density gms cm-3 (Excavation method)

&
®
Treatment 0-40 cm dapth 3 '
Ripped, 1.44a

“Control 1.46a [

1 Means within columns, not followed by the same letter(s) are significantly
different according to the least significant difference test p<5%.

2. Yalues reported are means of ten samples. -

3. Values reported are means of five samples.

ey



4.1.2.4 Modulus of Rupture

Soil strength of the Ap horizon as measured by modulus of rupture i8"

; presented for four treatments (Table 10). As no significant phyvsicochemical
differences, which could be related to treatments,‘ were found between on
shank arid intershank positions modulus of rupture was determined for the on
shank treatments only.

The two npped treatments ROS and RLOS, had a significantly hlgher
breaking strength than #he two norl npped treatments, O and L Wrthm the
npped treatments the RLOS treatment hac a srgnlflcantly hrgher breaR?ng
strength thgn tha ROS treatment leferences between the two -non- npped
treatments wére not significant, . ‘ . |

Modulus of rupture is posntlvely correlated ta percqolay and soluble

ia[ga and negatlvely correlated to‘» pertent sand (r=

respectrv?ly The correlatron?’t‘é 8AR was not significant (r=.19); the lack of

83 and -.58

73

i

\ correlation may be due to the upllft of sodie’ clay in the ripped treatments which '

could srgmttcantly alter “fhe proporttonallty constant relatmg SAR and ESP

values ( Harron 1979 ). a et al (1980) tound modulus of rupture to be

dtrectly related to clay content although the relatro’nshlp was curvnlmear In the

present study the relattonshrp between percent ciay and modelus“o%.rpturet

appears to be non linear a higher correlation coeff r~|ent (r= 73) was observed -

when the data was fi tted to a loganthmrc equatron (Frgure 8)

‘Ripping has elevated sodic clay mto the Ap honzon lncreasmg soil

stre'ngth and negatlvelx.rri:ﬂuenctng_sorl tith. The reason for the dlfference , ﬁ :

5

Ay
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.Table 10 Multiple Meaﬁs Comparisons?-of Modulus of Rup{ure (kPa) with
Range and Standard Deviation for four Treatments in the Ap horizon.

.

\ - - Modulus of Rupture (kPa)f

Mean? Range  Standard Deviation
‘*’@1"3‘»”'“21_7;” | |
20a 13-48 11 _
23a - 14-41 10
" Ripoed on-shank 49b 25-90° 23 e
Ripped + Lime on shank 83c . 39-157 35 .

o

o
]

/ | T

1 Means within columns, not followed by the same letter(s) are significantly
different according to the least significgnt difference test p<5%. , e
2. Values reported are' means of.ten s#nples, five replicates per.sample. :

1



Percent Clay

Figure 8 Modulus of Rupture versus Clay Content

w{“ /40/.'" v T 1
0 100 200
6 Modulus of Rupture (kPa)
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between ROS and RLOS tredtments is unknown. A possible exptanatlon is
a - the higher clay content in the R OS treatment in combination with a lower EC
r\s the electrolyte concentration decreases a sodic soil is increasingly
dispersed and the strength of the crust on drying is increased (Hillel 1982).
The range and standard deviatio of breaking strength values were higher in

r

the ripped treatments, as compa "c‘t’to'the non-ripped treatments, denoting a

less homogeneous soil stxgace. two extreme outlying ;:ralues, of 112 and
157 kPa, were discarded from the v LOS treatment ditterences between the
. RLOS and ROS tr’e‘atments were no' Ny nger statistically significant. &
"Richards (1953) reported res\yicted bean emergence at breaking;_
trength values greater than 27.3 kPa. Allison (1956) found the emergence of

k4 '7:%?‘ . Bl
corn to be inhibited at crust strengths grater than 129 Kﬁag 5 Accprdrng to gy

B d\)

th‘ese thresheid ‘Values nppmg has increas *t‘]‘sorl 'strength to a point wherb

. deep plowrng significantly increased mod s of rupture at . three,;y

’( “h

the emergence of sensitive crops may be aﬁ Buckland (1983) fouv'g ‘i“’
predominantly Solonetzic sites, from 28.2 kPa ¥ 2177 kPa the som
examined were Iecated relatively close to the present x srte anp may be

“considered comparable Although surface tilth has been egéth/elyr ttected

ro%#) )

by deep ripping it has not been influenced to the degree exge en

deep plowing at similar sites in east-central Alberta .

[

413 Summau_ﬂnemmLaud_EhyﬂﬁaLAﬂalliﬁi
. .

Only one physrcal parameter measured showed a sgnrﬁcant drﬂerence

between on shank and intershank positions. This drﬂerence was observed in

core bulk density samples from the Ap honzon for RIS and ROS treatments

i E ]
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and appears to be related to wheeled traffic during fall harvest operations, and
not treatment effects. The lack of difference between on shank and intershank
positions denotes homogeneous shattering at this site. Riddell (1986)
reported differences between -on shank and intershank posmons were non-
significant when a narrow (61 cm) spacing was used, although significant
differences were reported when shank spacing was doubled (122 cm).
Ripping has elevated m ; ' rials from depth; altered physicochemical
properties were both positive and negative.' SAR values in the'@it.horizon
were significantly lower for ripped treatments as compared to non-rip;;ed
treatments, this denoted improved soil 'phg'y‘sicai properties in the Bnt due to

ripping. ThtpH of the Ap has been siiﬁiﬁdanﬂy'increased by liming and by

ripping. In this study ripping was more«reﬁective in raising the surface pH than "

o ‘depth had a negative effect on surface

- ‘,‘ %) ?4

was liming. The uplift of material
tith and may result in reduced crop emergence. Limingin conjunction with
ripping does not appear to have @proved soil physicochemical aOpemes

over ripping alone. -
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4.2 Moisture Analyses - May 1985 - Aprl 1986

Gravimetric moisture content was determined for the six treatments at
three depth increments and ten dates between May, 1985 and April, 1986. A
statistical analysis of moisture data was performed on a computer using the
Statistical Package for the Social Sciences ( version 2.1 ). If interaction terms
were significant valid error terms for the treatment ettect were calculated by
addmg the sums of squares for relevant interaction terms and dividing by the
sum of their degrees of freedom ( Goulden 1952; Zalik 1981 ). Where t values
were significant for treatment effects muitiple means compansons were
obtained through the least significant difference test at a probability of < 5%. A

three way analysis of variance (treatments X depths X dates) showed htghly

, :P-,, S

sngmﬂcant differences between treatments A two way analy&s of variance for - |

each depth (treatments X dates) showed hlghly significant dttferences
petween treatments in the 0-13 cm and 26-38 cm depth increments. Multiple

means comparisons between treatments for the total depth, and each depth

increment, are_presented m) Table 1. ‘ __

For the total depth, 0438 cm, the ripped treatments had sngnmcantly
‘*ntgher gravimetric moisture contents than the non-ripped treatments (Table
11). -This pattern was also refldcted in the 0-13 cm and the 26-38 cm depth
increments. In the 0- 13 cm depth mcrement therg was an additional

significant ditterence between the non-ripped, C and L treatments. The main

- ditferences between treatments were due to ripping. For the fallowing

discussion RQOS, RIS, RLOS and RLIS treatments will be combined under the
. heading "Ripped treatment®. The C and L treatments will be combined as the
*Non-npped treatment” excegt for the discussion of the 0- 13 cm depth where

dn
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Table 11. Multiple Means Comparisons?! of % Gravimetric Moisture, for six
treatments at: 0-38 cm, 0-13 c¢m, 13-26 cm and 26-38 cm depth increments,
and ten sampling dates, May 1985 - April 1986.

.}
% Gravimetric Moisture

Total
Depth . ------ --oeee Depth Increments---------=---
Treatment 0-38cm™ 0-13cm’™  13-26cmns 26-38 cm”
Control 15.4a 13:8a 17.5a 14.9a
Limed o 15.9a 156.2b 17.4a 156.1a
; Ripped on shank 17.8b 18.0c 18.3a 17.1b
ﬁipped intershank 17.9b 18.1c 18.6a 17.1b
¢ Ripped+Lime.intershank 18.0b 18.4c 18.7a 17.0b
Ripped+Lime on shank  18.1b 18.4c 18.7a 17.1b
w

9 @
@ : R

' Means within.calumns not gpllowed’b.y the same letter(s) a}e significantly
different according to the least significant difference test at p < 5%.

** f value for differences between treatments is highly significant, p < 1 %.
ns f value for differences between treatments is not significant. ’
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. . % ¥} \' ‘7‘ .
they were srgmftcantty different. Plant avarlable wgter \ mg was calculated
rf

using average bulk densities of the surtace *and*’subeu horizons, and
average wrltmg pornt‘values for each of the six treatm}ents‘ for surface and

subsurface depths

B

A gravrmetnc moisture by time analysis for the totai samplmg depth ( O-

38 cm ) and all samphng dates is presented in Figure 9. A one way analysns of

~ varance for treatments-was done at each sampling date, and the s:gnutrcance

level of the f value is nd¥&8d on the graph. “The "Ripped treatment had a higher

~ moisture content than the "Non-Ripped treatm'ent" at all sampling dates. This

difference was highly 5|gn§tcant in the earty spring of 1985 and 1986 but
declrned to non- 5|gntt|cant levels in the mid summer and late fall of 1985. This
trend suggests that late fall and winter precnpttatron was more etfectrve|y
stored in the "Ripped treatment”. The additional stored moisture was thenr
used for plant growth throughout the sumrmer. As the monsture content of the

"Ripped treatment" does not reach the level of the "Non Rrpped treatment” at

any time, it appears that the extra stored monsture was not totally pldm

available. | y

Spring-summer moisture tirw‘analyete for the 0-13"cm depth increment
is presentedt in Figure 10. Parameters shown. are percent gravimetric
moisture, available water (mm) and precipitation. The "Ripped treatment"‘ was
consistently higher in percent gravimetric moisture than the two non-ripped

treatments, the L treatment was consistently higher than the C treatment. The

. difference betweén the_"Ripped" and non-ripped treatments was due to the

significantly higher clay content in the Ap of the ripped- treatments. The
mcreased clay content resulted in a stronger adsorption of water and a higher

grawmetnc moisture content at w:ttmg pomt An analysus of avarlable water
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- % Gravimetric Moisture (0-38 cm)

° 30 1 ‘ : : ‘
g . o
:
2 Non-Ripped
2 * Ripped
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2 8 Non-Ripped
EE; ~ * Ripped
>
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)
* .
17 : T —= .

November . April

Figure 9. Percent Gravimetric Moisture, Ripped! versus Non-Ftipp‘bd2
treatments, 0-88 cm depth, for Spring - Summer 1985, and Fall - Spring 1985-
1986. /

1 Ripped = A composite of Ripped on shgnk, Ripped intershank, Ripped+Lime
on shank and Ripped+Lime intershank treatments.
2 Non-Ripped = A composite of Control and Limed treatments.
** ¢ value for differences betwean treatments is highly significant, p < 1 %.
/' t value for differences batween treatments is significant, p< 5 %.
ns { value for differences between treatments is not significant.
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o, Gravimetric Moisture ( 0-13 cm )
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Figure 10. MoistqrehTim'e Analyses, Spring -'Sutmmer 1986, 0-13 cm depth,
for Control Limed and Ripped? treatments with daily precipitation data

! Ripped = A composite of Ripped on shank, Ripped.interséank. Ripped+Lime
on shank and Ripbed-+Lime intershank treatments. ' LT
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showed little overall drfference between "Ripped" and non- npped treatments

- over the spring- summer of 1985. Available water was fower in the "Rupped

treatment” in. mrd summer due to improved crop growth and the resultmg'
“increase in moisture demand.

The reasons for the difference between L and C treatments are not as

clear The L treatment had a higher clay content and a hlgher wntmg point- -

than the C treatment although they were not srgnmcantly different. These

k diff_erences were included in the catc\ulation for the determination of available

water. The time moisture graph for availab'le water showed higher values in

the L treatment early in the gr'oWing season but lower values in mid summer.

The addition of lime may have improved soil structure and thus slightly.

mcreased moisture penetration in the top 13 cm. Enhanced crop growth, due

to improved pH conditions, may have increased the demand for this water

later in the growing season.

Precipitation was extremely sparse through’out the growing season.
- Total precipitation from May 30 to August 11 was 67.5 mm, approxnmately one
_ third of that amount came in one precipitation event on August 8. The

influence of precipitation on soil moisture was more noticeable in the non-

ripped treatments because the heavier crop growth in the "Ripped treatmenit” -

utilized precipitation more qurckly !

T

Spring-summer morsture time analysns for the 13- 26 cm and 26-38 cm

dépth increments are presented in Fugure 11. - No significant dtfferences

between treatments for bulk densmes clay content ar wilting pount values were
found below the Ap horizon For thrs reason only data pertaining to availabfe

“water aretpresented. as available water is directly re_lated to percent

gravimetric moisture in this case.
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 Available Water (13-26cm) _ L

-8 Non-Bipped ¢
- * Ripped

Available Water (mm) .

June - ' fJuIy - August
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Available Water (mm)

N v | M T " M o 1
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Precipitation (mm)l

Jurle oy August

Figure 11. Moisture time Analyses Spnng Summer 1985 , for two depth
increments, Ripped! versus Non-Ripped? treatments. o L

3

1 Ripped = A composite of Ripped on.shank, Rlpped mtershank Rlpped+lee
on shank and Ripped+Lime intershank treatments.

2 Non*Ripped = A composnte of Control and Ltimed treatments.

e
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N . ‘\

~

84



The 13- 26 cm depth roughly correspo\nds to: the Bnt and upiper BC
» hor‘i-zons. Differences in percent gravimetric mmsture were non- S|gn|f|cant
'b\etween treatments, in this depth increment as reflected in the graph of
‘available Water The "Ftipped treatment” had slightly higher available water in
the early spnng and this water appears to be released more rapidly than in the

- "Non-Rxpped tl:eatment" -Ripping has shattered the dense Bnt horizon and

,|mproved structure through the elevation of Ca salts and the downward,

Ieachmg of Na. This may encouragé quick root penetratnon and mcreased

‘ mmsture utilization in the early growing season

The 26 38 cm depth roughly corresponds to the Iower BC and upper

Cca horizons. There was substantually‘ more available water in the "Ripped

treatment” at the start of the Qrowing season but by late July there was no

difference between treatments. The "Ripped treatment” showed an earlier,
quicker release of available water. The‘shatteri'n'g of the slowly permeable Bnt

" horizon through ripping has mproveﬂ‘nfultratlon of fall and wmterprempttahon
&

and increased store moisture at depth - Moisture removal by the.crop was.

more rapid in the "Ripped treatment” presumably due to faster root penetratlon
. at depth. There was-no noticeable effect of precupntatnon on either treatment in

the 13-26 cm, or 26-38 cm depth mﬂements

Fall(1985) Spring(1986) time mousture analysns for the three depth-

increments are presented in Figure 12. In the "Ripped treatment” there was an

increase in available water-at all depths from the fall to spring sampling dates

but there was no such increase in the 'Non Rrpped treatment”. Inthe spring of

1986 as in the spring of 1985 the 26 38 cm depth increment showeg the

greatest difference in avarlaple water between "Ripped” and "Non-Ripped”
|
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Figure 12. Mousture time Analyses, Fall (1985) - Spring (1986), for three depth
increments, Ripped! Versus Non-Ripped? treatments.

1 Ripped = A composite of Ripped on shank, Ripped intershank, Rlpped+L1me
on shank and Ripped+Lime intershank treatments.
2 Non-Ripped = A composite of Control and Limed treatments.
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treatments.

The reason for the differénce in available water between "Ripped” and
non-ripped treatments in the 0-13 c?n depth increment in the spring of 1986 is
unknown. It may be due to thicker higher stubble in the "Ripped treatment” as

‘a resuﬁ'af improved crop growth in 1985. Snow entrapment may have been
increased, thus increasing stored moisture. Sampling in 1986 was done
before spring planting operations ha,& disturbed and dried the soil surtace,

- whereas samplirig in the spring of 1985 was done after seeding operations.

This may account for the differences observed in the amount of available

- water in the 0-13 cm depth increment between the two years.

b

4.2.1 Summary

Riddell (1986) found significant moisture differences between on shank
and intershank positions when wide (122 cm) shank spacings were used.
Significant moisture differences did not occur between on shapk and

intershank locations in this study where narrow (61 cm) shank spacings were

used. Ripping on a 61 cm shank spacing appears to have effectively |

shattered the Bnt in the intershank as well as the on shank zone.

The ditferences detected in percent gravimetric moisture between
"Ripped" and "Non-Ripped” tréafments were due to two factors. In the 0-13 cm
depth inérement, increased gravimetric moisture in the "Ripped treatment” was
the result of inéreased‘ moisture retehtior)’due to the elevation of clay during
the nppmg operatnon In the 26-38 cm deoth the increased moisture in the

"Ripped treatment” was due to enhanced moisture infiltration as a result of the

disruption of the siowly permeable Bnt horizon. Rlppmg has increased the-

depth of potential moisture storage.
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Moisture samples were taken to the approximate depth of ripping (‘to
“cm); roots penetrated to at least twice that depth as will be discussed in a later
sectlon. It is probable that the trend toward increased moisture storage in the
'26-38 cm depth 'o‘f the "Ripped treatment” extended into"the lower depﬁbas
cm depth). In years of drought, such as 1985, the observed improved'crop

growth on ripped plots in companson to non- npped plots may be primarily

due to increased penetration and storage, at depth, of fall and winter “

precjpitation.

4.3 an._BQQ.L_IlS.S.u.Q_AﬂahG.Qﬁ

4.3.1 Crop Yields

Alberta Agriculture has monitored _crop "'yields, in the Ripped,'

" Ripped+Lime, Limed and Control plots, since 1981. The plots have been
continually cropped to wheat Grain and straw yields were compared for each

year, through a one way analysus of variance. The f values for treatment

effects were sngmﬂcant in all years monitored, multlple means compansons-

~ are presented in Table 12. A two way: analysus of ‘variance (treatments X
_years) also showed significant differences between treatments for both gram
and straw yieids; a bar‘graph showing multiple means comparisons, between
treatments for the 1982-1985 penod is presented in Figure 13.

Since 1982 the two npped treatments have contmually exceeded the

two non-ripped treatments in both grain and straw yields. ‘In 1983 the

’Ripped+l.im‘e treatment had signlﬁcently higher grain yields than the Ripped

treatment, this trend was reversed in 1985; the reasons for this are unknown.
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Table 12 Multiple Means Comparisons! of Grain and Straw Yields, for Four
Treatments-and Four Years. ,

Grain Yields t ha-! ™~/

} --Year
Treatment . 1982 1983 1984 1985
Control 2.1a 0.9a 0.9a 1.1a
Limed 2.4b 1.1a 1.1ab 1.4a
Ripped 3.0c 1.4b 1.7c¢ - 2.7c
Ripped+Lime 3.0c 1.8c 1.4bc 2.1b

Straw Yields t ha!

s
' Year- —eeenee
Treatment 1982 1983 1984 . 1985 -
Control 2.8a .23 1.2a”: " 1.2a
© Limed 2:9a 2.8ab 1.90 1.7a
Ripped 39b = 32bc = 21bc . . 2.6b

Ripped+Lime 3.9b - 3.7¢ 2.3¢c 2.2b

1 Means within columns not followed by the same letter(s) are significantly
different according to the least significant difference test at p < 5%.
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GRAIN YIELD T/ha
19821985

- STRAW YIELDS T/ha
1982-1985

T/ha

Figure 13 Grain and Straw Yields' for Four Treatments, 1981-1985.

—

1 Treatment means not containing the same letter(s) are significantly different
according to the Ieast significant difference test at p < 5%.
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Ditferences in straw yields between Ripped and Rlbped+l.ime treatments were
not significant at any time. In 1982 grain yields were significantly higher in the
Limed treatment than in the Control; this trend was also observed in straw
yields for 1984. |

The overall yield analysis (Figure 13) shoyved no significant ditferences
between Ripped and Ripped+Lime freatments. for grain or straw yields. The
two ripped treatments were significantly high_er in both érain and straw yields

than the two non-ripped treatments. There was no significant difference in

grain yield between Control and Limed treatments, but the Limed treatment

had significantly higher straw yields. The addition of lime appears to have
improved crop growth marginally. For the total four year period liming
increased grain yields by 0.2 t ha-1, ripping+liming by 0.8 t, ha-1 and ripping
alone by 0.9 t ha-1. Ripping was responsible forv the largest increase in yields,
the addition of lime in combination with ripping had no additional beneficial

influence on crop growth for the years monitored. |

4.3.2 Root Yields

Root as well as water pénetrétion are restricted by the denss slowly
permeable Bnt horizon ( Cairns_1978). In this study paired soil cores were
taken from a "_Ripped" (Ripped+Lime) and a "Non-Ripped" (Limed ) treatnﬁent.
Cores were taken t&._a total 76 cm depth and then spli.t into six equal
segments. Paired T-tests were used to compére total root mass and root mass

|n each depth segment.
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Ditferences between freatments for the total 0-76 cm depth were non-
significant. There were signiﬂcabt differences between treatments in the 13-
25, 25-38 and 38-51 cm depth increments. A ploi of root mass versus depth is
presented in Figure 14. In the 13-25 and 25-38 cm increments; corresponding
to the Bnt, BC and upper Cca the rootmass in the "Non-Ripped" treatment was
signiﬂéantly‘higher than the root mass in the "Ripped"” treatment. In the 38-51
cm depth ihcrement the root mass of the "Ripped” treatment was significantly
higher than the "Non-Ripped" treatment. This trend continued below the 51
cm depth although differences between treatments were not significant. [f root
mass was combined in the three depth increments below 38 cm differences
between treatments were highly significant.

Sampling was doné at the end of the growing season when further root
growth would not be expected. Root mass was higher in the Bnt and BC of the
"Non-Ripped" treatment as the downward movement of. roots was restricted by
the hard uniform subsurface. Root growth through the Bnt horizon occurs
mostly along the edges of the columns where resistance to penetration is least
( Holmes and Stace 1967 ). In the unaltered Bnt, upper columns of small
diameter merge at depth into larger columns creating "dead ends" within the
horizom. If ripping is successful the large columns will be shattered and
continuous fractures which contain less ~sodic material will be found
throughout the Bnt and BC ( White and Gartner 1981 ). In the "Ripped"
treatment roots penetrated the Bnt and BC with greater ease and total‘ root
mass at depth was increased. The combination of increased root proliferation
and moisture status at depth contributed to the higher yields observed in the

ripped treatments as compared to the non-ripped.
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Root Mass (/ha) 0-76 cm depth

Horizon - Depth cm

0 -
Ap ns
Bnt 20 .
BC
Cca

40
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60

ns

80

‘t/ha

Figure 14 Root Mass versus Depth, 0-76 cm, for Ripped+Lime and Limed
Treatments.

**diffeMences between treatments are highly significant at depth indicated,
ps1%.

" differences between treatments are significant at depth indicated, p < 5 %.
NSdifferences between treatments are not significant at depth indicated.



4.3.3 Crop Tissue Analysis

Chemical soll anélysis revealed the possibility of Ca and K deficiencies
due to high Mg/Ca and low Ca/TC ratios in the Bnt of the non-ripped
treatments. A tiséue analysis was performed on crop samples gathered at the
five leaf stages from Ripped, Ripped+Lime, Control aﬁd Limed treatments.
Data from the analysis are presented in Appendix 3.

All values measured were statistically analyzed through a oné way
analysis of variance. Differences between treatments for % protein, % Ca, %
Mg, or % K were non-significant. Significant differences in % P were found
and multiple means comparisons for treatments are presented in Table 13. All
nutrient concentrations’ measured were within the "sufficient” range according
to published values for small grains (Ward bt al 1973). There does not appear
to have been Ca or K deficiencies in the crbp.

Percent P was significantly higher in tissue samples obtained from the
two ripped treatments ds compared to the non-ripped treatments. The
availability and uptake of phoséﬁue ions should be decreased by the higher
pH values found in the Ap of the ripped treatments ( Tisdale and Nelson 1975;
Bohn et a/ 1979 ). It would appear that the observed trend was due to the

uptake of phosphate ions from depth, and not from the surface horizen. In the

ripped treatments it appears that increased root proliferation enabled plants toa

extract nutrients from a larger volume of soil, thus accounting for the increased
amount of P in plaht tissue. An additional factor may have been the increased
moisture status in tpe ripped treatments. The amount of total dissolved
phosphate ion will increase under higher moisture conditions and these ions

will diffuse more readily to the root surfaces, thus enhancing potential uptake. |
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Table 13. Multiple Means Comparisons' of Percent Plant Phosphorus ( dry
wt. basis ) for Four Treatments.

Parcent Plant Phosphorus

Treatment ( dry wt. basis )
Control 0.20a
Limed 0.23a
Ripped 0.29b
Rippe_d+Lime 0.29b

1 Means not followed by the same letter(s) are significahtly different according
to the least significant difference test, p < 5%.
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5. Conclusions

. The main differences observed between treatments were due to the

effects of ripping. For the period from 1982 to 1985 Iiming increased gram

~ yields by 0.2 t ha- -1 nppmg+l|mmg by 0.8 t ha"1 and ripping alone by 0.9 tha"l.

Ripping elevated matedal from depth into the Ap: and Bnt horizon with both

positii/e and negative agronomic results. - ‘1\,/_;7',_ |

The elevation of salts, containing carbonate and bicarbonate into the

Ap honzon substantlally increased the pH and E.C. Tbe’nncrease in pH was

higher than that achieved through the appiicatlon of lime. Rlpplng m

rcombmation with lime did not increase the pH of the Ap over ripping alone. -
The increase in pH through ripping was higher than desnred for agronomic
production Thera?ias been speculation that nppingx may result in the
“resalinization of the “soil surface. Although E.C. in the Ap was increased
. through ripping the increase appeared to be due to the mechanical elevation

of salts and not resalimzation through upward capillary water movement The .
electrolyte concentration was not increased to the degree that even very

sensmve crop plants would be harmed. |

4 The elevation of SOdIC ‘clay into the Ap, through nppmg, and the /

‘subseqtuent mcreaseﬁm breaking strength may result in crop emergence

_ problems This tendency has been noted following deep plowuri’g and

| questtoms have been raised on the degree to which this will be found after

; ripping. In this study soil strength was not increased to the pointthat has been

reporte"d.to_r similar soils following deep plovi/ing. The germination of cereal |

~ crops should not be atf»ected_by thevmeas’ured increase in breaking strength,

-
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but the decline in surigce tilth coyld be a concern if rpékrevsensitive crops are
grown. | ' f

Changes in bulk densmes were not observed at depth following npplng
It is not surprising that the bulk density of the so:l material :s unanered but bulk
density may also reflect increased pore vyolume. ‘The |néreasa in water

infiltration following ripping may be pa:r,fifally due to the creation ‘¢t large

fractures within the soil profile. The e)g'rétence of these macropores could not -

be documented through bulk den,sii’y measurements, although they were

visually observed during sampling bper%tions.

- Ripping improved the physigal structure of the Bnt through an elevation

of Ca salts and a subsequgﬁt leaching of Na; SAR values in the Bnt were.

signiﬁcantly lower in the /ri/pped treatments as compared to the non-rigped
treatments. Improved séfil structure in the Bnt allowéd increased infiltration of
fall and -winter precuplt/atlon and hence an increase in stored soil mousture at
oepth Ruppmg also increased root growth below 38 cm; the more substantial
root grow1h at depth was better able to exploit the subsurface for water as weII
as for plant nutnents As a result of increadsed available moisture and root
- mass at depth, crop yields were substantially higher in the ripped t(eatments
as éompared to the non-ﬁpped treatments.

There were no clear differences between Ripped and Ripped+Lime
treatments. The Ripped+Lime-treatment had slightly lower SAR and E.C.
ivalues throughout the soil profile than the Ripped treatment but differences
were largely non-significant and could not be attributed to the application of

lime. Atthe pH values measured in the Ap of the ripped treatments ( >8.2 )

" lime would be very sparingly solublé, This may account for the lack .of

difference in physicochemical properties between Ripped and Ripped+Lime -

- 97

treatments. Ripping in conjunction with lime was similar to ?ipping alone. In "



this study ripping alone was the most economically justiftable treatment.
Given an average price of wheat of $180-d° t-1 and an average‘ yearly yield
increase of 0.9 t ha"!, ripping costs of approximately $74-6° ha-! would be more
than reimbursed within the\ﬁrst crop year at this site.

The initial ,r'ipping operation was done under ideal conditions. The
subsurface\‘_.was,dry and maximum shattering was achieved with a 61 cm
shank spacing;‘ ccnseQUently no major differences wers detected between on
shank or mtershank posrtrons in elther the Ripped or Rrpped+L|me treatments
‘The sorl proﬁle at thls site was shallow, the lime salt layer was above the
maxamum depth of nppmg The Bnt was moderately sodic, average SAR

values tor the unaltered Bnt were lass than fifteen. The solodization process

appeared advanced and there was no evndence of resalinization. Under

conditions where a deeper more highly sodic Bnt is present, and the -

solodlzatlon process is not as advanced ripping may not have the positive
resd_lt_s observed in this study.

Liftle evidence exists that the soil is reverting to rts unaltered condition.
Chemical changes in th%Bnt may be permanent and crop yaelds do not
appear to be diminishing over time. -Gnder certain conditions ripping may
Iprcvide,a, more permanent solution than originally believed for these problem

soils.
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-~ Appendix 1

Chemical Water Analysis

.- for well site on N.W. 30 36 15 W4

(me L) .
Calcium | .90 ~ Sulfate
Potassium .26 Chloride
Magnesium .16 Bicarbonate
Sodium 35.0
SAR 48
pH 8.2
T.D.S 1966 p.p.m
Conductivity 3.2 millisiemens/cm
Na+/Total Cations .96

- HCOg/Total Anions . .98

115

(me L-1)
.40

A7 -
36.6
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Appendi;( 2

Preliminary chemical analysis prior to treatment application.'
Location N.E. 25-36-16-W4

Sampling date Sept 10 1981.
Analysis date Dec 31 1981 A.S.F.T.L |

Sample Hor.

[0 T A O B A& IR AV

Ap
Bnt
Ccsa

Csak

Bnt
BC
Csék
Csak2

Ap
Bnt
Cca

Csak
g

pH

7.9
7.8
8.0

7.1

7.4
7.3
7.5

7.8

8.0
7.7

EC".

7

Ca Mg Na K SAR

no data o
18 21 12 176 2 13.7
72 180 140 61.0 1 152
39 47 35 330 6 164
no data .

29 10 5 .1 36
10 39 11 7 .1 44
38 220 60 20 .4 - 52
48 130 60 36 5 114

 no data ,
14 25 11 136 1 10.1
17 25 10 161 .1 12.2
6.1 236 12.1 440 .4 104

(Soluble Cations(me L"1))

* E.C. millisiemens/cm
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Appbndix 2 continued

Lime ReqUirement

Sample - Hor. pH  T/ha (CaCOg3) to raise pH to 6.5
1 Ap 5.5 4.49
2 Ap 5.8 3.14

3 Ap 5.6 . 426




.Appendix 3

-
1

. Tissue analysis on wheat. Sampled June 30, 1985.

Analysis by A.S.F.T.L
Treatment % Protein % Ca % P % Mg % K
. . (Dry wt. basis)
Ripped '
1 22.2 0.33 0.27 0.23 1.85
2 25.7 0.30 0.29 0.22 1.64
3 29.2 0.26 0.32 0.24 1.62
mean 25.7 0.30 0.29 0.23 1.70
Ripped+Lime . )
1 22.0 0.41 0.31 0.23 1.80
2 22.7 0.41 0.27 0.21 1.59
3 24.9 0.36 0.30 0.22 - 1.61
mean 232 039 0.29 0.22 1,67
Control
1 21.7 0.34 0.18 0.25 1.56
2 25.3 0.35 ~0.21 0.26 1.62
3 26.0 0.28 0.20 0.25 1.60
mean 24.3 0.32 020  0.25 1.59
Limed . ,
1 27.4 0.29 0.24 0.24 1.72
2 26.3 0.34 0.22 0.22 1.57
3 25.6 0.53 0.24 0.24 1.60

mean 26.4 . 0.39 0.23 0.23 1.63
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Appendix L. Chemica) Analysis \

Treatments

Rpped on shark [ Pt Nurder ) « ROSS

Apped Fertenk | PR Number } « Ri8e )

Ripped « Ums on shank { PR Number ) = ALOSS ~ .

* Rpped o Lime itershank { M Number ) = RLISS
Cortral { PY Nurmdber ) = C8 s
Umed ( PX Number )} « L# !
Trestment. PR MHodrzon Soxhum Porasivm Sutde Bicardonate Chioride Nirave SAR 4
meA. mat T reA meA, meA meA

ROS rp r.07 0.18 s.17 K1) 0.3 0.00 b ) [
AIgy » 8.00 0.18 402 0.8 0.00 N 8.
o »o 437 0.11 1.00 0.23 0.00 38 .
AIs2 » a0 011 178 0.37 0.00 37 '
Ao Ao 8.87 0.13 1.9 0.44 0.00 [N ..
AIs3 o s.00 0.1¢ 1.33 0.40 0.00 s .
2084 » 913 o.M 1.99 1.08 , 0.88 0.00 7.7 ',
RISs - o 11.50 0.11 2.80 3.08 0.74 0.00 (X} )
rOEB Ao 10.82 0.1 2.90 1.94 0.70 0.00 [ X} s
AIss o 3.9 0.12 2.4¢ IRZ 0.00 e s
ACos o 14.82 0.11 3.30 5.00 0.00 9.0 s
Risss Ap 11,72 0.12 .70 4.0 0.00 [R] s
ROS? o [ 2] o.18 1.80 1.89 5.34 ’ 0,00 42 s
‘Aisy » §.5¢ 0.18 3.42 140 2.77 0.00 €2 s
A M, 0.23 3.8 217 2.19 0.00 3.0 ..
RiSs » 048 0.20 4,04 .44 3.42 0.00 7 - s
RO Ao 0.1¢ 3.30 .78 1.44 0.00 81 'y
RIS Ao 8.80 0.14 3.69 1.7 4.82 0.70 0.00 8.4 Y
ROS 10 ~o 8.38 0.1¢ 3.30 1.90 0.92 0.3¢ 0.00 3.4 'Y
RS 10 » 8.02 0.14 .73 1,97 0.00 0.28 0.00 s ’.
ALOS o 4 428 0.22 3.88 1.80 1.08 1.24 G.78 0.00 2. o
AList » 3.%0 0.28 308 1.97 [ X1] 1.60 0.70 0.00 2.1 ..
ALOS2 o 5.78 0.22 3.80 1.73 2.44 1.20 0.44 0.00 3. 7.
IS L b.as 0.18 2.58 1.38 1.30 1.37 0.42 0.00 ER ]
RLOS) o §.13 0.1 2.08 1.8% 0.08 .1 0.37 .00 3.8
RLISI o §.87 0.20 3.30 1.9 1.10 1.20 1.04 0.0c 3.8
ROS4 Ap 7.07 0.12 1.86 1.01 1,38 1,03 0.48 0.00 8.2
LS4 Ao 0.37 0.18 2.20 1.48 1.80 1.84 0.87 0.00 02



Apperdix 4 Contirued

Treatmerts PR

ALO8S
RLISS

ALt98

U

L SE s RSRR LR RRRRRRRRRRRRRRRRRRRRRRRRRR R P

Sodbum Potasium
med metl
4.00 0.19
[ X E) 0.12
8.54 .18
6.49 0.18
.74 0.1
.00 0.18
T.29 0.14
8.74 0.1
.43 0.12
5.48 0.12
7.8 0.12
0.5¢ 0.13
3.47 0.17
1.39 0.11
4.44 0.21
2.73 0.15
Je7 0.27
3.5 o.18
2.30 0.23
2.7 0.31
2.54 0.12
4.48 0.18
4.83 0.20
5.00 0.18
47 0.17
4.18 0.14
5.04 0.04
4.38 0.17
.17 0.17
7.7 0.22
5.9¢ 0.2t
3.38 0.22
16.49 0.29
13.87 0.1t
8.74 0.00
5.68 0.09
7.04 0.09
.48 0.08
7.30 0.08
8.38 .03
17.00 0.08
8.74 0.03
10.13 0.03
10.09 0.03
8.74 0.04

4.40
2.88
4.40
3.2¢
J.08
2%
2.84
2.83
2.84
2.23
2.48
2.80
0.4
0.41
0.8
0.44
0.81
.61
0.80
0.8¢
0.53

2.04
.83
L
1.89
0.3%

oocoo
aW o s
- "N ]

-
-~
“

- -
w -
@ O wn

bod
-
~

TR
oO~NGeOaOS

=2328233:23

O A NO "m0~ YB0O-00O

Sullste

1.21
t.48
487
1.19
1.87
.21
0.94
.3
1.19%
0.88
.27
1.85
2.73
0.9¢
2.42
2.89
1.8%
2.88
1.2¢9
1.98
1.29

1.80
1.

1.48
2.52
2.92
417
467
4.58
2.25
30.38
3.3
2.0¢
1.73
1.5¢
2.2¢
4.02
.08

med
1.8
1.88
1.84
1.48
1.88
1.33
1.18

1.24

0.04

4.20
4.48
4.3
.07
2.04
4.0
4.03

.8.02

4.38
4.54
3.42

0.48
0.81
0.58
0.81
0.81

0.44
0.00
0.00
0.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.90
0.77
0.00
0.18
0.11
0.68
0.18
c.3
0.13
0.38
0.08
0.00

0.08

EC.
mS/em

0.90
0.81

-8 3
0.89
0.77
0.9
0.88
on
0.72
0.92
0.88
0.5
0.28
0.47
0.43
0.¢4
0.62
0.47
0.47
0.37
0.80
0.77

8.20
8.41
8.27
8.27
8.34
8.39
8.30
8.3¢
.37
8.48
8.3
8.24
[ B F]




121

Trestment « PR Hertzon

L

g
a

Rig 10

HHHHE

REAAR
T
$277799930TTTTITTTIIITIIIITITCITTILLITLLLLS

cieo

0.08
0.07
0.0
.08
0.12
0.07
0.07
0.07
0.0%
0.12
0.08
.07
0.08
0.07
0.08
0.08
0.0%
0.08
0.08
0.10
.10
0.22

Q.41

0.27
0.08
0.07

2.04
1.0
t.7¢
1.37
2.38
2.64
1.98
1.94
1.58
208
1.4
2.08

1.98
2.29
818
1.18
1.60
1.38
1.88
0.e3
G.49
1.49
0.72
0.4
1.10
0.3¢
0.34
0.88
0.80
1.80
1.18
1.62
1.21
2.87
0.72
0.59
0.74
1.59

1.17
1.00
1.17
1.00
1.17
1.3)
1.28
117
117
1.33
1.00
t7

. 1.28

0.8)
0.92
1.00
0.78
0.83
1.00
117
1.33
2.68
0.83
0.92
0.78
.17
0.7
0.32
0.2
0.78
0.40
1.17
.17
0.20
0.87
o.87
1.42
1.08
0.83
0.78
1.92
0.¢7
117
0.83
1.47

1.18
3.04
.84
1.44
.77
3.1
LA ]
2.81
2.1}
1.40
1.94
2.48
3.78
2.3
J.48
2.98
2.30
3.42
8.92
.73
1.27
0.83
e.00
.92
e.17
2.60
.27
1.08
4.44
5.54
1.38
1.08
1.87
3.33
13.27
14.92
10.40

1.01
t.22
1.47
1.94
1.19
1.58
0.63
0.87
2.44
0.0
1.18
4.4
0.0t
0.01
2.80
2.08
1.88
0.58
0.84
1.08
0.03
0.50
0.01
1.08
1.93

4.14
490
4.58
4.2¢
4.28
L1

8.08
3.57
4.28
4.87
4.50
4.38
4.47
4.45
8.1
6.28
§.48
4.4
6.2)
4.30
4.09
2.94
J.44
6.80
4.31
3.74
8.78
2.60
2.78
8.07
7.14
10.31
5.86¢
e.13
3.72
11.81%
5.94
4.20
3.30
8.53

NRrawe

0.29
0.28
0.24
0.48
1.2¢
0.94
o

0.19
0.00
0.3

0.18
0.00
0.08
0.32
0.1)
0.08
0.00
0.03
0.18
0.23
0.2¢9
J.44
0.00
0.27
0.00
0.63
0.13
0.00
0.00
0.97
0.00
o.n
0.00
0.00
0.32
0.00
0.00
0.08
0.00
0.00
0.00
0.28
0.98
0.2¢
0.00

1.7
19.4
14.7
17.%

17.8

EC

0.88
0.08
0.72
o.0¢
1.7

0.7¢
0.73
0.587
1.0%
0.88
0.e2
0.62
0.08
0.94
0.08
0.73
0.64
0.78
0.90
1.00
2.1
0.08
1.00
0.70
1.28
0.08
0.99
0.90
1.72
1.0
t.72
0.84
0.58
1.40
0.93
1.87
1.02
0.09
0.83
1.12
1.10
1.42
1.97
1.87

7.60
1.7%
7.91
.10
7.03
8.34
7.97
7.04
7.49
7.99
7.43
7.18
8.20
8.07
8.2)
1.70
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Acperds & Contirvied

Treaffrent . Pht

Le
L10
A0S
A8y

Horizon

RARARAREARAARRARAARRRAAARRARARRARABRRARRRRRRRT Y

Sorsum

1891
22.%7
2% 00
23 74
078
10 87
12.70
13.74
2287
32.97
16.78
23.09
25.04
18.2¢
8.74
9.00
$.00

1199

L X 2]

10.91
13.82
9.7¢
7.87
74

10.82
9.48

1813
11.82
193
11.81
12.30
11.81
28.00

Potaskum

¢.08
0.14
c21
0.12
004

0.08
0.08
009
c.10
0.05
0.08
0.0%
0.08
c 04

¢ o8 \\

0.07
0.08
o0.c8
0.07
0.04
0.04
0.04
o0.08
008
010
0.08
0.04
0.08%
0.07
0.08
.04
0.04
0.08
0.04
0.08
0.08

0.04
0.08
0.0%
0.04
0.04
0.05
Q.11

Caiciym

1.88
2.13
1.77
1.22
1.30
1.47
1.77
1.48
1.88
1.10
1.53
.28
118
1.38
2.11
1.9
1.52

Magresiuom
meA_
1.42
1.83 |
10.00
10.00
1.08
0.92
1.42
1.78
23
3
1.50
2.50
2.92
2.08
0.82
Q.92
0.03
1.00
147
1.67
1.42
0.92
0.78
0.87
0.8)
1.33
1.00
0.78
.17
1.28
1.00
0.¢7

0.718

31.44
11.40
17.29
20.27
13.03
418
N
1.18

Carbonate

-*

0.92
0.78
0.50
0.34
1.0t
1.4)
1.18
1.34
0.84
1.34
1.2¢
1.84
0.97
1.13
g.e)
1.08
0.82
1.18
0.84
1.08
0.97
0.88
1.09
1.18
1.22
0.87
0.50
0.43
0.0t
0.0
1.47
0.92
1.18
1.08
.13
1.08
6.7

1.13
1.18
0.59
0.88
1.30
1.22
0.01

Bicarborate

.78
3.2
1.09
2.90
483
™
.07
a1t
7.68

0.43
688

Chioride

Nitrate

0.00
0.00

o
0.1¢

.38
0.23
0.23
0.1
0.37
0.38
0.00
0.00
0.00
0.08
[
0.10
0.40
0.44
0.e8
0.32
0.00
0.21
2.03
o.21
0.2
0.03
0.27
0.08
0.2¢
0.03
0.13
0.08
0.31
0.5¢
0.58

0.1
0.00
0.03
0.13

0.00
0.84

21.2

"r

7.90
8.3%
7.8

8.70

.82

0.44
8.0
8.44



cwe

RO OO BPR ORI RO ERARRARRRARARRAAAARRR

14 96
14.82
‘@04
[N B ]
11,74
19.04
14,90
e
7.43
s 00
$ 70
82
18 70
17.83

25.04

14.28
15 45

003
003
003
002
010
0 04
0.08
0.0%
o.08
0.08
004
o o8
o0
008
003
007
015
03¢
0 3¢
030
[IRY ]

0.34
0 €4
0.49

0.3¢
014
0.37
0.3
0.4
oos
010
018
¢ 48
.08
¢.0¢
0.08
0.07
637
0.47
o
028
012
0.13

-

147
112
[-R 24
118
c.72
113
2.03
1.78
18
2.24
1.38
c.82
107
o
1.54
.49
1.09
18.85
18.20
18.50
18.40
21.58
14.1%
23 8%
24.3%
21.58
20.88
498
23.00
7.78
15.98
1.20
1.3¢
2.18
19.80
1.08
008
1.34
0.88%
20.20
20.20
2.38
21.%0
193
1.80

on
0.78

Sulate

12 48
.98
[ 2 2]
3.00
¢ 58
.7
.78
7.02
1.90
1.17
242
.88
14.04
14.33
10.98
13.80
246.90
8.8
05.63
eT.9¢
48.58
78.78
a3 90
77.40
75.44
77.98
73.80
31,87
84,02
3088
7013
20
3.1
15.48
.71
1.98
1.71
.87
3.02
81.84
88.77
4.77
den?
18.88
18.27

1 2¢
0.84
080
1.0%
o7
1.2¢
1.47
0.80
084
1.01
178
0.01
1.0
0.7¢
1.2¢
1.28
097
001
o01
001
001
0.01
0.0
0.0t
0.0
0.01
0.01
.01
0.0
.01
0.0
.13
0.84
0.42
¢t
1.08
092
0.67
0.71
0.01
0.0
1.08
0.0
0.01
0.01

ser
.72
438
[} ]
44
LR ¥
[ N1
L1
.38
s.859

278
498
3.82
514
488
2.8
3.07

3.40
3187
569
7.12
8.04
8.02
8.7

.43
LN 1 ]
410
420
.99
J.o7
323
2.90
3.8
3.59
.08
2.7
2.3
2.90
2.62
2.48
4.14
3.87

0.03

o0.08
0.03
.08
0.08
0.13
0.13
0.03
0.08
0.1)
0.1)
0.18
0.0
0.08
.08

0.78

1.59
1.83

T.99
8.8%
8.58
877
8.8
7.70
7.78
8.39
8.18
8.59
8.60
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Appendix 4 Continued

Treatments+Pit

AROSS
RLISS
RLOGS
RLISS
RALOS?
RLIST
ALOSS
ALISe
ALOSY
RLISS
RLOS10

ALISIO .

cr G
c2
cs
ca
cs
cs .
c?
cs
co
c1o
L
L2
Ly
La
Ls
Le
L7
L
L
L10

Horizon

FRFEEROORROORORERERRRROORRORRRED

Sodium

14.74
22.04
7.681
7.38
7.04
20,22
4).48
43.48
43.28
28.42
45.22
J0.87
24.9)
8.00
132.17
563.40
35.70
J6.68
11.04
30.87
12.38
38.67
48.2¢
9.01
.35

14,39

34.78
62.81
38.28
21.22
27.35
84.78

Potasium

0.08
0.13
é.05
0.05
0.07
0.18
0.42
0.25
0.32
0.29

0.30 -

0.18
0.13
0.03
0.27
0.22
0.18
0.18

8.07
0.4%

..0.08
0.24

0.08
017
0.48
0.18
0.09
0.11
0.59

Calcium

3.40
.50
111
1.41
1.30
7.88
20.30
11.25
22.48
22.90
19.80
0.85
.30
1.28
22.20
22.08
6.80
11.18
1.52
3.88
1.48
19.08
21.80
1.68
1.36
1.91
3.60
19.28
472
3.71
3.41
19.08

Magnesium

1.92
3.83
0.80
0.68
0.87
4.08

. SuNate

18.21
29.21
3.83
3.82
2.690
28.33
89.885
81.3
75.78
563.23
89.2)
32.40
24.94
4.23
120.08
71.48
33.91
48.90
4,73
28.10
t0.27
82.94
74.19
.17
1.83
11.90
26.58
80.98
31.92
21.39
24.88
102.42

Carbonate

0.7¢
0.80
0.76
1.13
0.97
0.01
0.01
0.0t
0.01
0.80
0.01
0.78
0.01
0.97
0.01
0.0t
1.68
0.0t
1.08
0.83
1.18
0.01
0.01
1.13
1.08
0.84
0.7t
0.34
0.84
1.34
1.81
0.71

Bicarbonate

3.20
2.88
J.49
2.02
J.88
3.3¢8
3.02
6.48
4.77
3.13
3.28
J.82
8.88
3.87
1n21
e.78
1.7
5.88
5.8
8.29
4.05
8.24
8.72
4.2¢
4.14
5.10
5.17
4.87
9.09
4.79
8.03
3.7¢

Chloride

Nirate

0.08
0.00
0.32
0.23
0.18
0.24
0.08
0.08
0.38
0.08
0.00
0.08
0.08
0.00
0.77
0.00
0.40
0.00
0.00
0.40
0.00
0.00
0.08
0.00
0.00
0.00
1.08
0.08
0.00
0.00
0.00
0.08

2

9.0
9.7
8.5
7.4
8.9
8.3
10.8

7.0

11t

__-._3.-
(RN N -
GRNANGLN D

N

EC..
mSem
1.83
3.09
0.87
0.80
0.80
2.70
5.88
477
8.20
4.81
5.80
3.68
2.83
0.80
11.48
6.12
408
4.53
0.60
3.34
1.27
5.41
0.04
1.03
0.68
1.89
1.60
7.7%
3.80
2.31
2.94
0.84

8.47
8.8)
8.90
8.8%
8.54
M
8.05
8.85
7.98
7.82
8.04
8.64
8.44
8.78
8.40
7.2
8.20
8.6
[ M)
8.4
8.68
3.07
7.74
8.68
8.4¢

8.70
8.3t
8.78
8.48
.78
8.17



Appendix

Trestment«Pht

ROSY
RIS

AOS2
RIS2
AOS)
RiS3

SSSSeeeeaeeaaaeeeeeeseesaezaeeeeaaezzeaeeeeee

Horzon

$IITIIITIILIITL L

»

Physical Analysis

Tioatmens
Rpped on shank ( Pu Number ) « ROSS

Rgpped imershana { P Number } « RiSe
Alpped « Lime on shank { Pr Numbder ) - RLOSS

WOLM‘.UIMM(PINVNM!)-RUS‘

Control ( PA Number ) = Cs_
Umed ( PR Number ) - L#

% Sang % Clay % Moisture

I kPa
32 ‘ 34 30.3
37 - Js 0.0
40 35 204
37 - 1} 20.2
40 28 29.3
43 27 29.t
46 24 280
48 23 Q8.1
40 24 240
43 28 28.2
37 28 280
42 28 28.9
42 24 249
44 24 F{ W]
45 2y 247
44 23 240
43 23 28.1
42 24 28.7
4 4 22 24.9
48 24 231
40 27 20.3
43 29 27.3
40 n 28.7
4] J0 20.2
k1) n 20.8
37 ‘ 30 0.
37 32 . 329
b1} N 32.2
46 24 27.1
a7 F1 I 28.5
4 28 27.2
44 27 27.0
40 28 28.9
30 28 30.1
40 27 29.4
40 28 200
36 .27 20.4
39 20 20.4
s 27 Jo.4
3¢ 28 29.7
49 18 228
48 22 2.1
47 13 23.2
40 14 248
47 13 235
ﬁ 15 28.2
3 1) 22.5
- 53 11 21.8
40 18 23.68
43 20 248
49 22 23.7
43 27 24.4
41 24 25.4
37 24 27.4
49 12 2.5
4 te 25.4
a7 14 22.7
a7 1€ 239
50 15 240
S0 13 22.2
Je 32 31
7 31 .8
37 Je 32t
40 27 31?7

% Molsture
1500 kPa

18.7
16.0
18.7
15.9
14.4
14.0
13.9
1.8
12.4
13.1
14.9
14.7
13.4
13.2
12.¢
12.7
13.¢
13.7

- 0 wm es s ek s am mm e
VrsrLNLDVLNN
NN AY-@aONS

-
-

....._..
bR wn
NOovweu

1.24
1.40
t.10
1.38
1.2
1.50
1.42
1.37
1.38
1.43
1.41

1.40

1.40
1.47
1.3¢
1.37
1.33
1.30
1.24
1.27
1.28
1.28
1.32
1.28
1.34
1.2¢
1.1¢
1.24
1.20
1.27
1.2
1.27
1.48
1.31
1.23
1.29
1.21
LI 1)
1.29
1.13
1.33
1.3¢
1,29
1.35
1.42
1.50
1.52
1.20
1.48

Buk Denelty Moduiue of Rupwire
Pmescubic cm

"Pe
50

50
e
78
28
%0
37
s
27
28
0
0
33
187
94
.
12
—_—
49

74

125



Appendix § Continued

Treatment+Plt  Horzon
RO&y 8nt
RI83 8nt
AOB4 8nt
RiS4 Bnt
. RO Bnt
Riss 8m
RO Bmt
Risss 8nt
AOs? Bt
Rig7 Bnt
RO Bt
Fiss Bnt

oS 8nt
Rise Bm

HHAHEHHER
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:

20222988

el
s

HHEHHHEHH:

\
2

25

it

g

@
2

383888858388883888888832SSSSSS?SS?SSSSS?SSS?S?SSSSSS?SSSSSSS;S?

|

% Clay | % Molsture

20
32
1]

3 kPa
30.2
8.8
40.9
32.0
as8.7

'33.2

20.2
30.3
32,8
37.8
30.4
38.0
44.7
42.2
308
349

38.7
30.8
237
40.8
32.0

*38.8

27.4
29.0
J0.8
27.1

32.8
2.4
344
29.5
34.2
40.3
40.8
48.0
38.0
3s5.0

% Molsture  Bulk Density Moduius of Rupture
ome/cublc cm
.88
49
.22
.10

1500 kPa
14.7
18.3
21.2
18.1
20.7
18.4

__,___
8arlasrs
O N == AN M

- -
- ae

envOW

REand

17.0
17.8
16.9
12.8
17.0
16.9
18.8
23.9
18.9
18.8

18.0
18.8
19.7

. et w8 b wh wh b mh b mb ek et Mk e ah s b s A A a b A s s b b s b b ek b b b —h At A wh w8 b eh s h 4 = s A 4 es .

kPa
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Appendix § Continued -
TreatmemePit  Morron % Send % Clay % Molsture % Moisiure Buk Denelty Modulue of Rupture
2 kPa 1500 kPa  gmefcublc cm kPa
RLIS2 : 3r.9 19.7
RO [: o 13.0 17.3
ALIS3 : o ar.e 19.4
ALOS4 ac ~ 47.0 18.7 A
ALIS4 BC 4.5 19.9 e
ALOBS ac e . 149 g
ALiss ac 4.2 13.¢
ALOBs ac
ALISS [:
RLOS7? ac
RLIS? :
2 Vo ) Bc
ALISS : o
RLOSS ac
ALISe ac
ALOS10 BC
RLIS10 ac el
ct BC 28 41 42.8 20.8 i
c2 ac 39 28 2.5 14,7 g
c3 BC 43 20 28.7 11.8
C4 BC 23 3e 10.0 19.9
5 . BC s 31 37.4 18.2
ce : 27 36
c7 BC 29 32
cs ac 23 30
co ac s 34
c10 : L1 EE]
L1 - o . 44.0 18.1
L2 BC 30.2 13,8
L3 BC - 30.8 13.0
L4 [ : o . 33.0 16.1
Ls _ BC 28.8 1.8
- o
ac
BC
- BC
BC
Cn 29.4 15,8
Ca s e 16.3
Ca 5.8 . 192
Coa 28.8 12.4
Cm 28.4 14.2
Con 243 1.8
Coa 37.4 238
Ca 2.7 18.8
Ca 28.8 10.3 ,
Coa 30.5 18,8
Coa
Coa
Coa ——
pan 3
m —
Cen
Con .
Ca
m -_—
Cn
Coa 31.1 1.8
Cea 3.1 12,8
ALOB? Com 20.9 151
ALIS2 Con 28.8 13,8
RLOS3 Coa 20.0 15.0
RLISI Con 20.1 14,6
RLOS4 Coa 4.5 16.8
RLIS4 Coa 4.9 19.0
088 Con 31.2 13.8
RLISS Com 27.0 10.6
RLOSS Con
ALISS Coa -
RLOS? Con
ALIS7? Com
RALOSS Coa
ALISS Con
RLOSO Con
ALISe Coa
ALOS10 Con
ALIS10 Ca -
c1 Con 2t 12.8
c2 Coa 36.4 14.2
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Appendix 5 Continued
TreatmentePlt  Hodzon % Sandg % Clay % Moisture % Molsture  Buk Denelty Modulus of Rupture
0 Fa 1500 kPa gmecublc cm hPa

ca Ca P 200 12.0

c4 Con i 30.2 16.3

cs Con B 29.7 11.6

cs Con ¢

c? Cen

ce Con

co Coa -

c10 Coa

L Con J1.9 17.2

L2 Con 29.7 1.2 -

L3 Coa 30.9 14.4

L4 Cen 36.8 -14.8

LS - Cen T 28.0 9.4

Le Caa )

L7 Con

Ls Coa

Lo Ca .-

Lo Coa
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Appendix| 6. Wheat and Straw Yields

+

Wheat Yieids 1082

oms/ sq. yd.
Check Ripped Umed Ripped+Lme
184 265 148 212
04 287 174 2681
108 228 194 203
188 291 212 201
178 197 234 237
200 200 243 252
232 250 195 291
147 220 2186 - 266
165 257 224 238
145 209 174 203
223 284 181 238
26t 208 193 280
183 230 248" 238
214 200 220 308
154 238 180 248
170 335 213 296
207 238 187 . 279
147 184 207 262
163 -318 174 280
147 30§ 221 311

252
131
138
185
231
220
248
289
219
233
188
270
33§
242
277
217
249
263
211
207

Rlpped
353
deo
295
349
249
272
J24
347
J22
357
2
272
a2
288
327
451
332

- 272

381t
405§

Staw Yields 1982

oms/ sq. yd.

Limed

198
202
218
237
2684
269
260
208
300
221
243
242
267
242
2258
270
124
226
266
287

Ripped+Lime

200
300
212
233
287
l0q -
383
344
297
3
3so
408
320
480
304
415
sy
87
207
383
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Appendix 8 Continued

Wheat Yields 1983

oms/ sq. yd.
Sample Check Ripped
\\; /}.. .

- 1 71 122
.2 W 71 118
~37 54 133

4 69 153
5 93 130
6 77 148
7 41 129
8 55 130
9 68 106
10 73 151
11 62 114
12 75 109
13 108 124
14 70 98
15 43 101
18 117 72
17 91 140
18 48 %o
19 133 101
20 118 121

Umed

127
75
77
114
97

139

135

114

160
48
46
79
52
56
69
69
173
62
85
100

Ripped+Lime

122
187
1514
158
186
13s
129
218
151
188
136
134
130
116
143
192
138
128
156
148

262
165
180
150
196
17¢
104
131
174
171
168
182
239
175
101
261
149
214
403
268

Straw Yields 1083
gms/ 8q. yd.

Ripped

295
415
273
339
354
339
262
258
225
324
213
214
232
237
235
210
261
212
257
242

310
178
214
290
314
288
236
384
257
180
103
199
154
181
141
170
402
201
218
268

226
473
392
304
2980
214
236
375
318
309
215
235
285
203
253
399
303
402
Jes
J6e
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Appendix 6 Continued

|

d“d-“—“—.-‘-
DCOIYUOPNAELDRN 2 PRNOARRETON -

n
()

74
98
109
93
56
71
69
117
60
47
43
52
83
65
114
107
32
82
112
108

Wheat Yiekds 1984
gms/ sq. yd.

Ripped

66
110
99
74
73
183
179
181
152
111
129
208
1685
149
182
218
192
109
70
128

Umed

89
72
189
51
94
56
74
143
77
73
55
53
3s
52
96
165
172
88
89
83

Ripped+Lime

77
113
92
129
84
21
71
75
171
114
90
73
99
108
114
131
138
194
98
88

100
134
141
114
73
95
89
131
73
84
49
70
80
97
57
145
67
121
161
127

Straw Yields 1984
gms/ sq. yd.

Ripped

112
145
ﬂao
tm
121
217
203
232
174
144
172
258
217
174 &
212
258
205
187
124
169

tmed

127
109
233
74
134
86
134
244
152
182
119
130
79
107
185
312
248
158
195
136

Ripped+Lime

ARA

185
145
191

134
300
176
165
249
231

168
170
174
208
182
227
218
286
167
13
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Appendix 6 Continued

e e e m o o g
PRI rTPrE@p @@ 3

n
(=3

Check

117
78
200
110
57

126
56
27
62
142
83
113
40
149
75
180
27
123
116

Wheat Yields 1985
gms/ sq. yd.

Ripped

133 . %
166
168
310
258
269
235
302
201
239
233
225
200
206
202
318
233
165
215
199

K]

Umed

108
83
196
104
192
71
172
154
110
58
29
51
213
157
58
50
76
175
74
165

Ripped+Lme

144
265
195
135
104
142
179
181
151
223
217
184
235
172
113
180
109
225
182
249

115
67
178
101
66
72
118
58
40
76
142
71
118
52
‘185
77
205
58
152
120

Straw Yields

S

1985

gms/ £q. yd.

Ripped

137
179
188
327
234
239
219
281
201
226
244
227
188
189
208
355
183
150
197
169

Umed

112
o1
211
118
242
124
190
148
152
76
- 54
T
276
m
77
54
74
L212
87
203

Ripped+ Lime

163
296
213
138
114
149
182
178.
160
208
192
164
214
184
136
223
84
237
103
286
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Appendix 7 Root Mass Data

Root mass values are expressed in gm dry wt of roots per sampling core.
Sampling core volume was 443.4 cubic cm.

Ripped+Ume Treatment or “Ripped”

0-13 cm 13-286 cm 26-38 cm 38-51 cm 51-864 cm 64-76 cm

Core # Depth Depth Oepth Oepth Depth Depth
1. 0.0640 0.0748 0.0787 0.6708 0.0150 0.0122
2, 9.0470 0.0468 0.0526 0.0290 0.0109 0.0085
3. 0.0876 0.0483 0.0501 0.0272 0.0057 0.0020
4. 0.0653 0.0542 0.0420 0.0290 0.0146 0.0095
5. 0.0062 0.0685 0.0875 0.06897 0.0521 0.0253
8. 0.0448 - 0.052% 0.0717 0.0495 0.0208 0.0033
7. 0.0654 0.0154 0.0379 ~  0.0397 .0.06240. 0.0083
8. 0.0577 0.05686 0.0425 0.04186 0.01386 ' 0.0043
9. 0.0072 0.0588 0.0570 0.0512 0.0310 0.0077
10. 0.0561 0.0787 0.0703 0.0461, 0.0101 0.0032

Umed Treatment or “Non-Ripped”

0-13 cm 13-26 cm 26-38 cm 38-51 .cm 51-64 cm 64-786 cm
Pit Depth Depth ,Depth Depth Depth Depth
1. 0.0538 0.06818 0.0629 0.0682 0.0203 -0.0072
2. 0.0354 0.0835 0.0965 0.0154 0.0026 0.0007
3 0.1135 0.1024 '0.0525 0.0088 0.0044 0.0038
4. 0.0701 0.0755 0.1138 0.0653 0.0332 0.0124
5. 0.0534 0.0859 0.1168 -, 0.0522 0.0287 0.0097
6. 0.0824 0.1702 .0.0716 .0.0167 0.0066 0.0072
7. 0.0958 0.0968 0.0484 0.0050 0.0028 0.0018
8. 0.0538 0.1089 0.0482 0.0009 0.0041 0.00186
0. 0.0304 0.1035 0.0795 0.0304 0.0031 0.0007
10. 0.0338 0.0934 0.0912 0.0183 0.01686 0.0023



