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ABSTRACT

Soí1 ternperature and moísÈure were investigated under conventional

and zero tilled soils in Manitoba. The soil types included a heavy

clay, a cLay loam, and a sandy loam. In conjunction \.ríth the tillage
treatments, three straw nanagement practices were imposed to determine

if they could affect soíl temperature or moisture in relation to Èil-
lage.

Tillage and straw management vrere found to have compounded effects.
Idhen the stravr ï¡ras.spread. on the surface, zeto tilled soils rvere found

to be cooler than those convenÈionally tilled. The opposite !,ras true at

seedlng time when the stra\^r nas removed by rakíng. No significant dif-

ferences in temperature occurred after the sÈraw had been burned.

Soil moisture qras higher under zero tillage than under conventional

espeeially when the straw was spread, as well as ruhen the straw l^'as

removed by rakíng. After burning¡ ûo significant differences in mois-

ture occurred between conventional and zero tillage.

All differences found between tillage Èreatment.s were rnost sígnifi-
cant early 1n the season. As the crop canopy developed, and the stravl

trash dlsíntegrated, the two tillage treaËments became similar in soil

moist.ure and temperature Erends

la-
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Chapter I
INTRODUCTÏON

"Let us' not forget that the cultivation of the earth ís the most

important. labor of man. Man may be civilized in some degree wiÈhout

great progress in manufacture and with liLtle commerce qtith his distanE

neighbors. But vrfthout the cultivatlon of the earth, he is in all coun-

tríes a savage. Until he gives up Ëhe chase and fixes himself ln some

place, and seeks a living from the earth, he is a roaring barbarian.

l.lhen tÍllage begins, other arts follovr. The farmers, therefore, ate

founders of civílízation.rr

Daniel Lrebster

Zero tillage is being used on an increasing scale for crop production

in Manitoba. This has occurred in conjunction wíth a general reduction

in the level of cultivatíon. More farmers are no\il guestioning the

belief that a r^rell tilled seedbed is the only acceptable method of

ensuring rapid and even crop emergence in spring. The man hours

ínvolved in preparing a field are significant, especially when the farm

is a one man operaÈion, so that the few tlmes over the field which are

required 1n a zero till system can be considered as being quite a saving

in time

Soil erosion has removed much of the topsoíl, especially on rolling'
hilly land. UnforEunately, erosion has not been recognized as a serious

problem on the Prairies. Conventional tíllage rneEhods promote condi-

tions most suitable for erosion, not only due to spring run off, but

also during early summer and rvinter when t,he soil surface remaÍns unpro-

tected. Zero tillage can eliminate almost all the loss of topsoil wlth-

out reducing crop production levels (Lal, 1976; Richey et al., 1977).

¡

-t-



This could go a long way ín preventing the furEher

important natural resource.

Zeto tillage is a management int,ensive syst.em whích requíres the

farmer to have specific knowledge as well as management skills. By

applyíng what is known, a good farmer can go a long htay tovtards running

a labor and fuel efficient operation. Since zero Ëillage i-s increasing

in use, it seems appropriate at thís time Ëo evaluate some of the

aspects associated with it ín a more inÈensíve manner. Ifi Ëhis way,

associated problerns that might occur can be evaluated more effectively

in the future.

In 1978 and 1979, a study \^ras undertaken to investígaÈe Èhe tempera-

ture and moísture condítions on zero and conventionally tilled soils in

ManiLoba. The st.udy was designed to show the changes in the soil envi-

ronment brought about by the use of the zero Eillage sysEem. Three soil
types, differing in drainage and texture were involved. Three strahT

management practices were used in an evaluaËíon of their effects in

relation to tillage. Soil temperature and moíst.ure wiËhin Ehe soil

were considered in relation to the climat.e and levels of production for
the area. The data collected were evaluated Èo determine the potential'

and problems associated with zero tillage crop production.

\

2
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ChapËer II
LTTERATURE REVIET^]

2.T SOIL TEI'IPERATURE

2.L.I The Energy Balance

The distribution of solar energy ranges from t.he ultra-violet to the

infra-red bands of the radiatlon spectrum. The earth's atrnosphere

allows the passage of radiation only at cert.ain rvavelengths and res-

trícts that at others. Radlation is absorbed and scattered by the aEmo-

sphere. In the víslble region scattering ís more imPortant, whereas, in

the infra-red, the opposite is true. Solar radiation is short-wave in

nature. About I57. of íncoming radíation is absorbed directly by ozone

and water vapor. Ozone absorbs ultra-violet while vraÈer vapor absorbs

in the Longer wavelength bands (Barry and Chorley, 1975).

Clouds act to reflect, as rvell as absorb radiation. Under an overcast

sky the solar radiation received at the surface is almost entírely dif-

fuse. The total amount of energy may be reduced, alËhough the cloud

acts as a heaÈ reservoir, reradiating energy ín the long wave form back

into the atmosphere. The earth reradíates energy in long wave form

which is absorbed by water vapor, and carbon dioxide in Èhe atmosphere.

Nearly 40% of incoming energy is immediately reflected back from the

atmosphere, clouds, and ground surface, leaving only about 60% for use

within the system. In total, of the 100% of incoming radLatíon at the

top of the atmosphere, onLy 477" ís absorbed by the earth's surface

(Barry and Chorley, 1975). 277" ís from incoming short vrave racliation

while 202 comes from long \^rave energy reflected or absorbed by the aLmo-

sphere. This íncoming energy is used to heat the ground and atmosphere

and to evaporate \dater. The fraction of incoming radiation in the visi-

ble range is assumed to be 457" of total (l1oon, 1940;from }lonteíth,

1973). The wavelengths important for chlorophyll production and absorb-

tíon are found in this visíble region.

-3-
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2.I.2 Soil Temperature Respo+se

The amount of solar radiation r,rhich is available for heating or eva-

poration <lepends on the aaount rvhích is reflected at the surface, ês

well as the total available. The Èotal is affected by such factors as

season, time of day, hurnidíty, and cloud cover. The quantíty of light
reflected depends upon the reflectlon coefficíent of the surface, which

is known as the "albedo", A surface light in colour has a higher albedo

than one rzhich is darker. A higher albedo value is found on a strar.r

covered soil than on a tilled surface. Van l,rfijk et al.(1959), reported

a value of. 87" for a bare soíl compared to 18% for one having a stra$t

cover. This condit.ion results in less energy being available for use

within the sysÈem, i.e. lower net radíation (Hanks et al., 1961).

The reflectivit.y of soils depends mainly on organíc matÈer contenE,,

particle síze, and angle of íncidence of incoming radiation. A decrease

in the organic måtter conËenË íncreases the albedo. The radiation ís
trapped by ínternal reflection at the aír-water inËerfaces formed by the

menisci in the soil pores (MonÈeíth, 1973). This trappíng results ín
lower albedo values with increasing rnrater contents.

During daylíghL hours, t.he soil surface can be heated to temperatures

higher than those in the air or deeper soil. From the surface, heat is
conducted to the cooler regions above and beloru. The ä.mounE of energy

which penetrates the soil depends upon such factors as structure, water

content, and the thermal pr<lperties of the soíl constituents, as well as

the nat.ure of the surface (Carson and Moses, 1963). Increasing soil
moisture increases conductl-vity as well as heat capacity so that the

temperature response is reduced. This means that actual temperature

changes in response to a gíven change in available energy are greater ín

dry soils. (narry and Chorley, 1975). Packing of soil particles
results in better heat flow, due to the Breater amourit of particle to

particle contact (Nakshabandi and Konke, 1965). This can result in a

greater temperature response wiÊh increased compaction.

Sotl temperature varies in a regular pattern reflectíng both the

diurnal and annual cycles of solar heating. Effects of changing weather

conditions are superimposed on Èhese regular trends. The soil tempera-

ture cycle follows a damped, lagging \irave patt.ern, so thaE as the rrave

moves deeper i-nto the soil, maximum temperatures are reached increas-



5

ingly laËer in the day or year. Maximum heat flux ínto the ground

coincldes with Èhe tirne of maxímum sol-ar and net. radiation, although

maximum air-soi1 interface temperatures are reached about an hour later
(Carson and Moses, 1963; Carson, 1963).

The temperaEure wave is not symmetrical. The cooling portion is

approxirnately twíce as long as the heating (Carson, 1963), although the

heating portíon is more intense(Carson and Moses, 1963). I)uring the

d"y, vertical Lemperature gradienÈs show a strong downward trend. In

summer, a dovmward trend exists dorm to 100 cm. indicating that heat is

beíng túansf erred into the underlying soil . At night, t.he temperat.ure

gradient in the top 20 em. is reversedr âs heat flows upwards towards

the coo,l-er surface (Carson and Moses, 1963).

Maximum heat exchange between the atmosphere and soil occurs in June

and November, a month or t\.to before extremes 1n solar radiatíon and sur-

face t,ernperat.ures. Heat exchange is mínimal between the surface and

lower soil in March and .sept,ember (Carson and l"loses, 1963).

At 305 crn. only minor departures frorn annual trends are observable

whereas, ât 884 cm. the seasons are reversed, with the warmest months

being February and I'larch, and the coldest occuring in JuIy and August

(Carson, 1963).

2.L.3 Soí1 Temperature as Related Ëo Tillage
Zero tilled fiel-ds are often covered by a layer of stra\ù or stubble.

Because of thís, the soil tends to be cooler than under conventional

tillage (Lal, 1976; van l{ijk et al., 1959; Hanks êt 41., 196I; Moody et

al ., 1963). The rlore straw that is lef t on the surface, t.he more the

soil temperature is depressed (Griffith et a1., f973). The effect of

the straw mulch is greater on maximum temperatures Ëhan on minimum.

Minimum temperatures are the same or slightly hlgher Ehan those on con-

ventionally tilled soils. Thís occurs because the anplitude of the

temperature. r¡rave is decreased when a straür mulch is present (van l,Iijk et
al., 1959).

As the crop gro\¡rs, the canopy intercept.s more radiation and shades

the soil (Lal, 1976). Also, the stra\d rnulch dísintegrates and darkens

as the season progresses, so that dífferences due to its presence become

less sígnificant (Hanks et al., 1961).
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Under some circumstances, a rnul-ch cover can actually íncrease soil
temperature. The transfer of heat to the atmosphere is rnainly by turbu-

lent air movement r so that managemenË practíces whích cause a decrease

in air movement aË the surface should also decrease heat transfer to the

atmosphere. LeavÍng stubble on the surface increases the surface rough-

ness and usually causes a corresponding increase in turbulent air move-

merit. At times, the sÈrahr can have an opposite effect, so that r¿ind

velocities at the soil surface are actually less. Thís results in a

heat build-rp, causíng higher soil temperatures to occur under a mulch,

rnrhích r¿as illustrated by a 1953 sÈudy in Texas. Net radiation measure-

ments showed thaÈ the mulch did not change the amount of energy availa-
ble, but acted instead as a heat Pump, increasing the Lransfer of heat

ínto as wel1 as out of the ground surface (Lemon, 1956).

2.I.4 trrlinter Temperatures

In winter, net radiaÈion and mean air tempereture are negatively cor-

related; the opposite to summer condit,ions. Minímum net radiation per-

íods occur during sunny cloudless days, when mean air temperatures are

below normal. (Monteirh, 1973).

Wínter soil temperatures are less subj ect to diurnal fluctuations
than those in the summer, with the daily cycle not Penetrating past 20

cm. in depth. Solar radlaLion is much lower in intensity and shorter in
duration. As well, the ground cover acts to prevent energy from leaving

or entering the soil (Carson and lfoses, 1963; Hay, 1977). Fresh snors

can reflect up to 857" of. incoming radiation (Barry and Chorley, 1975),

which great,ly reduces the amount of available energy.

Snow ís a very good thermal insulator, so that ín winter it prevenÈs

the rapid cooling of the soil surface, and reduces heat loss to the

atmosphere. llhen a snor¡ cover ís present, the loss of heaË from the

soíl to the atnosphere begins later in the fall and is much more gra-

dual, penetrat.ing less deeply than if the soÍl was bare. Because of

this, the depth of freezíng is inversely related to the depth of snow

present (Anonymous, 1962)

If r¿ater is present in the soilr. its presence tends Ëo decrease the

rate of soil cooling due to its large volumetric heat capacity and rela-
tively large heat of fuslon (Carson, 1963). These factors are belíeved
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to be responsible for hígher soil temperatures found under the zero

tíllage than those under conventíonal ín Scotland. Poorer conditions

at seeding tine due to a reduction in frost actíon over winter gave less

favorable structure in spring under zero tillage (Hay , Ig77).

2.1.4.I Effects of Stubble on Snow Cover

Straw resídue strongly affecËs the amount of sno$r cover as well as

its distribution in the field. Schneider et al. (1978) demonstrated

that the depth òf snow cover was directly related Eo the height of stub-

ble, and that with íncreased levels of snovr the soil temperatures

reruaíned \årarmer. Thís caused higher soíl temperatures to occur in the

zero tilled as compared to the convenÈionally tilled soils in winter.

2.2 TEMPERATTIRE EFFECTS ON PLANT DEVELOPMENT-

Species,differ in their temperature reguírements for germination and

growth. The stage of development, genotype, age of seed, and water

potential as rtrell as other fact.ors, all affect temperature responses.

Growth occurs over a range of temperatures which include a minimum,

optimum, and maxímum. These cardinal t.emperatures are influenc'ed by

?actors controlling development, Eherefore are not well defined (Uayer

and Poljakoff-Mayer, L9751' Naylor and Fedec, 1978).

2.2.1 Germinatíon Requirements

Germínation rate decreases r'rith decreasing temperature, so that at
lower temperat.ures the ml-nimum may noÈ be well def ined if t,he rate is
extremely slow (Mayer and Poljakof f-Ì,{ayer, 1975). Cereals are in thís
category because they are capable of germinating at t.emperat.ures just

above 0C. trlheat will emerge at a minimum of l.3C when moisture is not

limiting. The optimun temperature range for wheat growËh is from 20-25C

while the maxLmum is around 35C (Peterson, 1965).

GerminaËion involves physical as well as chemical processes. Over

the range of temperaËur'es experlenced in summer on the Prairies, the

þermination rate can be considered to be essentially a linear functíon

of temperature. Higher rates than predicted from a simple linear rela-
tionship have been found under a fluctuating t.emperature regime, sug-

gesting that the physÍcal processes may not be inhibiËed to the same

exlent as the chemical at the lower temperature range (Haydecker,

1972).
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The speed of germination ls partíally determined by the chemical pro-
cesses in the seed. Kotowskí (1926) demonst.rated the. Q¡g values were

higher aÈ lower temperatures. This meant that a change in temperature ín

the cooler end of the range had more effect on t.he germínation rate than

the same change at the warmer end.

Crops havíng lower temperature requirements are able to germinat.e

earlier in the spring. Blackshaw (1979) demonstrated that the higher

Èemperature requÍ-rement of green foxtail hras responsible for its poor

competitive ability with spring wheat. The r¿heat was able to germinate

and emerge at lorüer temperat.ures than the green foxtail.

Corn has a much higher heat requirement than cereal crops, being

totally unable to germinate belov¡ 10C (Hough, 1972; ìfayer and Poljakoff-
Mayer, 1978). If planted too early, the corn seeds deteriorate (Martin

et al., 1935) . They can be attacked by fungus parasítes such as Pythíum

spp., Diplodia zeae, Gibberella zeae, and others (Arnon, 1975).

2.2.2 Emergence Requírements

Relative speed of establishment ís important. in determining the abil-
ity of the crop to compete against weeds ancl produie high yields. The

time required for emergence depends on factors controlling germination

as ¡'rell as coleoptíle growth. The temperature response 1s similar to
that of germinat.ion, in that increasing temperatures increase emergence

up to an optimum point.. ExcepE under severe moisture stress, the temp-

erâture effect on the emergence of most crops ís much greater than the

effect of 1ímiting moisEure (Haydecker, I972).

Low soíl temperature may have a detrimental effect on crops planted

t,oo early in the spring. Plant populations can be reduced and yields
lowered due to slower plant development (Scarisbrick et 41., 1976).

Corn growth is controlled by soil temperat.ure up until the si.x-leaf
sËage since the shoot apex remains slightly below ground.. Lower soil
temperatures can lengthen the time required for tasselling to occur

(Beauchamp and Lathwell, 1967; Beauchamp and Torrance, 1969).

Deeper plantíng to obt.aln better use of the soil moisture may result
in delayed grorvth due t.o lower temperaËures (Lindstrom eE al., 1976;

Sepaskhah and Ardekani, l97B; de Jong and Best, 1979). De Jong and Best
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0979), found that the heat sum necessary for 507" emergence increased

linearly as seeding depth Íncreased f.tom 76 degree days above 5C at 1.25

cm.' t.o 150 degree days at l0 centimeters.

Alessi and Power (1971), discovered 60-85 degree days above 10C were

required for corn emergence. Sinilar results were found for sorghurn

(Kanen¡asu eË al., 1975).

2.2.3 Growth Requirements

Betr¿een the minimum and maximum temperatures, the rat.e of growth is a

sígnoidal function. For corn, this range is frorn L2 to 26C (I,tralker,

1969). Small changes in temperature result in noticeable differences in

the grorvth rate between these two points.

Lower soil temperatures caused by a mulch cover can depress yíelds by

slowíng plant development, (Watts, Ig72; Power et al., 1970; Scarisbrick

et a1., L976). Decreased soil ternperatures due to the presence of a

mulch affects yields more in the cool .clLmates than in the warm. The

mean soil temperature in northern areas is lower than in southern cli-

mat.ic regions, whích have conditions closer to optimum for corn growth.

Because of this, a small temPerature decline in the south ís noË as

detrimental to corn as in the more norÈherly areas (van lJijk eE a1.,

19s9).

2.2.4 Acclimatization of llinter llheat
) The survÍval of winÈer r¿heat is dependant upon the level of cold har-

diness of the varieËy es well as the climatic conditions which exi.st

beÈr¿een seeding and the last spring frost. Because "hardening off " is
an active process, t,he sequence of temperature changes is importanË in

determinÍng whether or not the plant will live through the wint.er. If

exposed to a gradual t.emperature decline, the plant will be able to sur-

vive the cold. On Èhe other hand, rapídly declining or widely fluctuat-

íng temperature conditions will destroy the crop (Fowler et al., 1975).

During hardening off, there ls a gradual build up of compounds such

as sugars, amino acids, and prot.eins, which proÈect the ce1l against

freezíng (Santarius and Heber, 1971). In additíon, a shlft in the totâl

phytochrome occurs t.o forms less suseptible to frost induced dehydra-

tion. If Èhe temperature fluctuates rapídly frorn day Eo day' the plant



is unable to prepare for frost (VÍncent, 1971). *"*i*.rt Ievel ., ""j:
hardiness is attained prior to or at'freeze up. From then unt.il spring

there is often a reducÈion in this level (Fowler eE a1.' 1975).

trlinter urheat survíval on fallowed land ís poor. Sowing the crop into
grain stubble offers Ehe best chance for survival. The stubble catches

an<l holds the snor^r on the f ield, protecting the crop f rom temperature

extremes and fluctuatíons. Zero til-led conditions provide a stubble

cover to t.rap sno\ù over the \^7inter. Thís is rvhy winter wheat has been

able to survive on zero tilled fields rvhen unable to on conventionally

tilled fields (Halvorson et 41.' I976).

2.3 SOIL IdATER REGIME

2.3.I Infíltration
Higher inflltration may be found on zero tílled soíls. By leaving

the strahr on the surface, runoff is reduced, and root channels through

which \4rater can flow inEo the soil are stabÍlized (Shanholtz and Lil-

lard, L969; Tríplett et al, 1968; Mannering et al., 1966i Richey et al.,

1977). Increased earthworm activity on zero tilled soíls results ín an

lncrease Ín the infiltration raËe (Barley, 1954; from Baeumer and Baker-

mans, 1973) .

Although waÈer infiltrates rapiclly into a plowed surface, the resis-

tance to ínfiltration l-ncreases more quíckly than under zero t.illed con-

ditions. Soí1 suction is quickly reduced to nearly zero on a tilled

soil, whereas it remains high orL a zero tilled field(Ehlers, 1972; from

Baeumer and Bakermans, 1973), Thís allows more \ÀIarer to infiltrate

under zero tilled conditions.

2.3.2 Evaporation

Kolasew (1941) divided evaporatíon ínÈo three stages. The fírst

stage is of rapid and steady \irater loss, depending upon the \¡rater trân-

smission rate through Èhe soil and above ground boundary layer. Such

factors as r¿ind speed, temperature, relative humidity, and solar radía-

tion effect thís stage, especíally at the soil boundary. The end of the

first stage is marked by the development of a dry diffusional barrier at

the soil surface. This appears as a distinct break in the evaporation

curve.
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The second sEage consists of a rapid declíne in the evaporation rate

as the soíl moisture is depleted. The rnost important factors are not

the above ground conditions, buE are the factors controlling the raÈe of

moísture supply from Èhe soíl to the surface.

The second linear stage gradually becomes the non linear third phase

of exÈremely slow moisture loss. The third stage is governed by the

absorbtíve forces at the solid-liquid interfaces \ntithin the soil (Kola-

selr, 1941).

During the first stage, loss of soil moísture represents a thinning

of the water f1lm separaË.lng Ehe aggregates. Moisture Èensions are lor¡

and liquid movement alone ís enough Èo accounÈ for the rapid 1oss.

Vapor flow is insignificant.

As llquid movement becomes insufficient Lo meet evaporative dårnand,

surface drying occurs. Soil suction conLLnues to increase as Èhe second

stage is reached. The faster the inltlal rate proceeds, the sooner the

second stage of evaporation begíns. Mechanisms of moisture flor¿ become

more complex as vapor movement lncreases in importance. Net flow

occurs towards Èhe cooler regions as liquíd moves t.o vrarmer, and vapor

to cooler, in the process of capillary condensation (Gurr et 41.' L952).

I,faximum movement occurs when the curvature of the tüater filrn is suf fi-

cient to alter the vapor pressure above it. This happens at a capillary
radii of about 10-5 cm. (Lemon, 1956). As vapor flow becomes the domí-

nant means of soil moísture loss, the thírd stage is reached.

EvaporaEion can be reduced by influencíng the factors coritrolling the

first t\áro stages. To decrease the rate in the first stage, surface con-

ditions can be altered. Any pract,ice decreasing air turbulence at the

ground will lead to reduced loss of soil moísture. A muLch cover is
capable of depressíng evaporation in this manner. The effects of the

mulch increase \dith increasíng thickness, although the most noEíceable

reduction occurs wíth the addition of the initíal 5 mm. depth (Ilanks and

I,loodruff, 1958).

The importance of the effect of turbulent aír movement on the evapo-

ration rate r^ras demonstrated by Farrell et al. (1966). TurbulenL diffu-

síon of wåter vapor was as much as one hundred times greaËer than the

molecular. This effect extended several centimeters below Èhe mulch



cover. Air turbulence contributed to
into the second stage of evaporaEion.

The evaporatíon raEe during the fírst stage is depressed by loweríng

the soíl Èemperature (Kímball and Lemon, 1970; Ilanks, 1958). A mulch

cover can decrease soíl temperature and lower the evaporatíon râte.

The presence of a mulch was found to have the opposite effect in one

study. The straw actually decreased air movement at the surface so that

heat r,ras not being losÈ as quickly. Thís resulted in higher tempera-

túres during calm períods, which increased the evaporation raËe (Lemon'

19s6).

2.3.2.1 nvãporation in Fíe1d Situatíons
The effects of the plant-soil moist.ure regíme are strongly influenced

by the atmospheric demand for water. Aerial parts of the planc permit.

vapor transfer throughout a significant thickness of aír. The roots

wíthdrar^r moisture for transpiraEion from a consiclerable depth' thereby

changing the soil moisture proflle (Penman, L947)

Under field conditíons, there may be no direct relationship between

soil temperature and evaporatíon, sínce other factors may be limiting.

In sub-humid areas r,¡here moisture is not readily available at the soil

surface, evaporation has little relation to soil temperature. Moisture

Loss is governed by factors controlling the second stage (llanlcs et al.,

1961). As well, the presence of a dry soil layer at the surface acts to
prevent. evaporatíon during the second stage (Hanks and ltÏoodruff, 1958).

I,later use is controlled by the net amount of energy reachíng the soil

and crop surfaces. The ground is completely exposed on a conventionally

tilled field during the firsE fert weeks of the growlng season. During

this time, evaporatíon ís the dominant means of soil moist.ure loss. As

t.he crop canopy develops, transpiraÈl-on becomes increasingly important

(Shanholtz and Lillard, 1968). I'Ihen moisture is suf f ícient, r¿ater loss

proceeds both by evaporation and by transpiration at a rate closely

approxírnaÈing potential use (Peters and Russell' 1959).

t2

evaporat.ion of so1l waÈer even
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2.3.3 SoiI MoisÈure and Tillage
Zero tilled -fields are usually covered by a strarv mulch which per-

sísts into the growíng season. This mulch decreases Èhe evaporatlon

rate, thereby maíntaíning a higher level of moisture than under conven-

tionally tillage (I"loody eÈ al, 1963; Shanholtz and Lillard' 1968, 1969;

Blevíns et al., I97L; Lal, 1976i Pidgeon and Soane ' 1977). The sEra!,t

also decreases surface runoff and increase infiltrat,íon (Ifoody et al.,
1963; Shanholtz and Lillar<l, 1968). As wel-l, Schneider et al. (1978)

found that the additional amount of snor^7 retained by the standing stub-

ble was important in determining t¡e level of availahle moisture at

seeding time. As the height of stubble increased, so did the level of

soil moisÈure in the spring. Lal (1976) demonstrated that under tropi-
cal condiEions, increased organic matter contenE in the surface soil as

well as structural differences resulting from the elimination of til-

lage contributed to the hígher levels of moisture found under zero

tí1led conditions.

Increased available moisture resultíng from zero

throughout the entire growíng season. Differences

lng time, decreasing in significance as the season

al., 1963; Blevins et al., 1971).

Zexo tillage íncreases moisture more aË the surface than in the lower

profile. Pidgeon and Soane (1977) demonstrated that Ëhe level of mois-

ture in the 18-30 cm. depth of conventíonal and zero tilled soils was

similar, although the zero till did maintain a signíficantly higher

level close to the surface.

Soil water potenEial is affected by tiltage. Ehlers (Ig72;from Baeu-

mer and Bakermans , 1973) demonsÈrated the soil suction r,ras af f ected dor¿n

to 220 cm. and that thís difference due t.o tíllage üras more signíficant

than that of vrater conteriE. The zero tílled soil maintained a lower

suction at. the same r^rater content as rsas found on the conventional .

This indicated a lower resistance Eo \,Iater uptake by the roots, as well
as hígher moisture conductivity under zero tillage.

ShanholÉz and Líllard (1969) compared the water use efficíency of

conventional and zero tilled "ot¡. 
The efficiency ís a measure of

actual evapotranspiration per weight of dry matter produced. Ifore vigo-
rous gro\"¡Èh on the zero tilled soil required adclltíonal \^7ater. Based on

tillage may be found

are greatest at seed-

progresses (Ìfoody et
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rainfall and soil moisture data, r^rater use eff iciencies of 57"/. for the

conventional and BI7" f.or the zero tilled corn T\tere calculated. The zero

ti11ed system was 247. more effÍcient.

The ef fects of low moisture stress cluring drought periods \47ere not as

greaÈ under zero Ëilled conditions, Leaf curling and reduced yields

r¡rere more evident on conventional as compared to zeto till (Lal , 1976;

Blevins et al ., I97L). Although damage resulted under either tillage
system duríng prolonged ,drought,it r¿as less evident on zero tilted

soils. The greatest advantage was during short drought periods, when

the zero tillage system prevented crop failure by maintaining higher

soil moisture (Shanhotz and Lillard, 1968).

0n many soils ín Great Britain excessive soíl moisture has ofEen been

a problem. Because of the higher moisture levels found with the zero

system sysËem, crops have been more at risk at seeding time, than with

conventíona1- tillage. In Britaín, burning of t.he stra\,r ís recommended

to prevent high water content. from causíng aeration problems, and to

increase tilth (Cannell et al., 1978).

A sËra\r cover can decrease soil temperature and depress early

growth. In the United States, slower growth early in the season.has

ofÈen been offset by the moisture advantage found with the zero tillage

system (Ifoody et aI., 1963; Shanholtz and Lillard, 1969).

2.4 THE EFFECTS OF }TATER POTENTIAL ON DEVELOPI'IENT

2.4.L G_erminatíon 
r

The difference ín the vrater potential bet.ween the soil and seed

governs erater uptalce. As fhe seed approaches \¡raËer contents necessary

for germination, its hydraulíc conductivity approaches that of the soil

ín the dry end of the available r,rater range. The potent,ial difference

between the seed and soil decreases to the point'v¡here the soil poten-

tial governs further uptake by the seed (Shaykewích and L,Iillíarns, I97L) -

The critical water potential for germínacion varies \^tith the species

as the seeds díffer ín their abilify to absorb \^rater (Hunter and Erick-

sorl , 1952). FOr example, ât a given poÈential, the \n7at,er content of

wheat seecls is higher than that. of rapeseed, although the germÍnatíon of

rapeseed is much more sensitive to changes in \'rat.er potential (I^iard and

Shaykewich, I97l; Shaykewich and triilliams, I97I).
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At high sucÈions, the rate of germination is affected by the area of

contact between the seed and soil water, which is l-nfluenced by Èhe

hydraulic potential. As suction decreases, so too does the signiflcance

of the contact area (Collis-George and Hector'' 1966) '

The rate of germination increases as soí1 sucËion decreases. Species

differ in the level of response to changing sucti.on. I,^Iheat germination

is affected only slightly. ParvloskÍ and Shaykewich (1972) showed that

the germination rate of wheat was greatly reduced near the permanent

wi1-ting point, but not at higher potentials.' Owen (1952) found that at

$rater poEentials below the permanent vrilting point, total germínation of

wheaL was neither'greatly inhibited nor reduced'

Rapeseed germination is reduced beLow -2.8 bars and conopletely ínhi-

bired ar -15.3 bars (l{illiarns ancl Shaykewich, 1971). The dif f erence

between rvheaE and rapeseed germination is attributed to the higher raÈe

of warer uptake by the wheat seed (Pawloski and Shaykewich, 1972).

hïater potential can affecÈ the minimum temperature requirement for

germination. De Jong and Best (1979) showed that decreasing the poten-

tíal fron -6 to -10 bars, lowered the minimum temperat,ure requírement of

rvheaË from 1.3C to 0.5C or 0.2C. Hough (L972) also found water poten-

tial t.o affect the temperature response of corn, finding a lower temper-

ature requirement under ¡^ret conditions. Tt was suggested that this

response was to help compensate agal-nst the effects of cool, wet soíls

(de Jong and Best, 1979).

2.4.2 Emergence

The rate of emergence is affected by soil water potential in much the

same \^ray as Ls the germination rate. A decrease l-n Èhe potential can

cause a deerease in Ehe rate as r,rell as in the final percentage' Alt-

hough the rate of emergence is affecEed in cereals, the fínal percentage

is not, until the potential drops to below the permanent wilting poínt

(Sepaskah and Ardekani, 1971; Hanks and Thorpe, 1956)'

Soil strengLh increases with increasing suctíon (Pidgeon' 1978) ' At

lower potentials, restricted coleoptíle and root gro\fÈh occur due to

high soil strength. Increasing soil strength can decrease the emergence

of small seeded crops such as rapeseed if crusting occurs (de Jong and

Rennie, 1967).
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2.4.3 Growth

Before a complete crop canopy has developed, the relationship between

yield and moisture use is nearly linear when r¿ater supply is límiting'

Early moisture stress is more harmful than later, although vegetative

grorvth can be closely correlated to water availabílity, because of leaf

turg idi ty.

CulEivars which are capable of emerging quickly at low potentíaIs are

not necessaríly the ones that will- do well v¡hen subjected to dry condí-

tions later on (Gul and Ällan, L976).

The main factors lvhich determine how well the plant uses hlatex are

the root distribution pattern and the ability of the root to absorb

\,rater. Ilheat is capable of withdrawing \cater aL suctions greater than

15 bars (de Jong and Rennie, 1967). trIork by Yang and de Jong (1968)

indicates that thís could lie as dry as 40 bars.

2.5 POROSITY

Tillage may alter the total porosity of the soil' Zeto tíLIed soils

È.end to have loqrer total porosities than those Eílled by conventional

methods (Gornrman et al., 1978; Hamblin and TennanÈ, 1979; van Ouerkerk

and Boone, L97A; Pidgeon, I,978). The extent of Èhís reduction is par-

tially determined by texture. Pidgeon (1978) found total porosity to be

reduced more on a clay loam than on a sandy loam. Baeumer and Bakermans

(1973) reported an average decrease in the ËoEal porosity ranging frbro

O% to 6Z when zero tillage \das adopted.

At other times, tillage may not effecË the total porosíÈy (Ha¡nblin

and Tennant, L97Ð or may even cause a reduction. Thís reduction occurs

on unstable soíls subject to problems of compaction (Skidmore et al.,

197s).

Total porosity decreases under conventional tillage as the season

progresses, but remaíns at a higher level than found under zero till.

The porosity on a zera tilled soil remains aÈ an equilibrium level

throughout the season (Burwell et al., 1963).

pore size distributlon is also affected by tillage. Use of zero till

results in fewer large pores as well as a greater homogeneity in poros-

ity (Gov¡rnan et al., 1978; van Ouwerkerk and Boone, 1970; Ehlers, 1972;
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from Baeumer and Bakermans, 1973; Finney and KnighE, 1973; Tomlinson,

r974).

For soils having lower than 3% total porosity, cultivation is recom-

mended. A so1l ideally suited to zero tlllage should have over IO7" of

the volume occupíed by pores greater than 60 microns in diameter (Gowman

et al., 1978)

Over a long period of time, zero tillage may result in an increase in

soil porosity. Thís can occur \^riEh the opening of natural channels due

to frost action, and to the presence of intact roots (Baeumer and Baker-

mans, 1973) .

Earthrvorms are also important in increasing porosity. Earth\.{orm tun-

nelè are contínuou's 1-arge pores, which are often connected to the sur-

face. An estimate of the relative space occupíed by them can be used as

an indícator of pore continuity. Often this space on a zero tilled soil

is more than double than that on conventíona1 (Ehlers, 1972; from Baeu-

mer and Bakermans, 1973) Increased earthworm activity is due to the

increase Ín population. Populations have been reportecl to increase by

factors of 1.6 (fiilkinson, 1967)i 4-5 (Lal, L976); and even up to 16

(Schwerdtle, 1969; from Baeumer and Bakermans, 1973). Along r"Iith the

root channels, earthworm tunnels give a predomínately vertical orienta-

tion of larger pores. This compensates for the reduction in the total

volume of large pores, which occurs under zero tilled concliEions (¡h1-

ers, 1972; from Baeumer and Bakermans' 1973).

2.6 AERATION

The abilÍty of the soil to supptry the root wiÈh oxygen is known as

the oxygen diffusion ra¡e (ODR), and varies with total porosity' pore

sl-ze distribution, and !üater conËent. Any management practíce resulting

in compaction or smearing of the soil can be expected to cause aeratíon

problems r¿hen.moísture levels are high. Soils having low porosity and

high rvater holdíng capacity, such as clays, will have lower aeraËion

than the better drained soils such as sandy loams (llíegand and Lemon,

1958). If the majority of the pores are small, most will be occupied by

\,¡ater when conditlons are rtet, resulfing ín insuf ficÍent oxygen supply

to the root.s (Ehlers , L972; f rom Baeumer and Balcermans ' 1973) .
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The díffusion of oxygen from the atmosphere to the root increases

linearly \,rith the logarithm of the soil moisture tension, so Ehat as the

soil dries, the ability of the soil Eo transfer oxygen increases. A

minímum value of. L0% air filled porosity is believed Lo be necessary for

adaquate gas exchange(Letey and Stolzy, 1964). A value of 12% was

reported for corn (Grable, 1967; van Diest, 1962).

Oxygen requirements of the root vary wíth the specíes' temperature'

age of plant, and moisture cont'ent of the soil ' During germination and

emergence, oxygen needs are higher than for later growth (Stolzy and

Letey, 1964). I,Iheat requíres an oxygen díffusion rate of 75 to 100 x ldt
g(cnamin)for ernergence (Hanks and Thorpe, 1956).

Root respiration is the most sensitive aspect to soil aeratlon. The

first effect of reduced oxygen supply is a reduction in root growth.

Normal root elongatíon-is suppressed below an ODR of 30 x 10-8 g(enr&min)

and cornpletely lnhibíted below 2O x L0'? (Stolzy and Letey,1964).

Ethylene produced in anaerobic respiratíon acts to supPress an"

growth of the roots, causíng sirnilar injury to plants as what occurs

under floodíng (Kramer, 1951). Ethylene is produced when the oxygen

l-evel in the soil atmosphere falls beLow 27". The increase in the ethy-

lene level mirrors Ëhe decrease in the level of oxygen (Srnith and

Restall, 1971). This effect is greater on sunny days when respiratl-on

proceeds at a rapid raté. (Fulton and Erickson, 1964).

The effects of ODR on vegetative growth are variable. The influence

of aeration depends upon the species, stage of growth' rooÈ radíus, and

how well the crop is establíshed. Above an ODR of 40, vegetative growth

no longer increases, although reproductíon contínues to respond favor-

ably with greaÈer oxygen supplies (Letey et al., 1963).

An increase ín temperature results in an increase ín respiraEion.

This hígher dernand for oxygen is partially offset by an increase in Ehe

ODR of I-27" f.or one degree celcius (Letey et. al., 1.963).

Aeration is altered by tíllage. Plants growing on poorly drained

soils respond favorably to increased levels of tíltage (Grable, 1967).

Because zero tlllage causes å reduction in the number of large well-

drained pores , a higher percentage of the pore volume is óccupied by
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Ìrater than air. This can resulË in a limiting oxygen suppl-y (pidgeon

and Soane, Ig77; van Ouwerkerk and Boone, 1970; Ehlers,1972; from Baeu-

mer and Bakermans, 1973).

2.7 CO}IPACTION

The ability of the soil to resist or recover from compaction while

maintaining saÈisfactory pore size distribution and drainage is impor-

tant in determiníng the soil suitability for zero tillage (Pidgeon and

Ragg, 1979).

During the preparatíon of a conventional seed bed, approxímate1-y 901l

of Che field is covered by tracÈor wheels (Soane and Pidgeon, 1975).

Richey et al. (1977) suggested that r,¡ith moderate and low energy sys-

¿ems, like zero tillage, compact.ion could be reduced' noË only by

decreasing the number of t.rips across the fÍeld, but by using lighter'

Lower porvered equipment.

Tillage loosens Èhe soil surface, thereby decreases bulk density
(Pidgeon and Soane, 1977; Pidgeon, 1978) . Zero tilled surfaces are

higher in bulk densíty than those of conventlonal, deep plowing, or chi-

sel plowing. Pidgeon and Soane (1977) found thât Lhe difference in bulk

density decreased dor,¡n to a depth of 20 cm., below which the conven-

tional was the same as the zero tilled. Zexo tilled soils also show

hJ.gher resistance to penetratíon (van 0urverkerk and Boone, 1970; Hamblin

and Tennant, 1970; Pidgeon and Soane, 1977).

As the season progresses r recompaction

due to subsequent wheel traffic (Soane et

and rain drop ímpact (Harnblin and Tennant,

Under zero tilled conditíons, an eiuilibríum level of compaction is

reached withín three years (Pidgeon and Soane, Lg77; Soane et 41.'

1976). This level may be detrimental to erop grorvth. On soils having

aeraËion problems, or high mechanical sËrength on drying, a decrease in

emergence, root development, and yield may result (IIay et al., 1978;

Soane et 41., 1976). Bulk density values of 1.2 to 1.3 g/cc. on a silty

clay loam, 1.3 to 1.4 on a sílEy loam, and 1.5 to I.6 g/cc. on a sandy

loam, can severely limit rvheat emergence at field capaclty (Hanks and

Thorpe, 1956). These values are in the range found on zero tilled soils
(Pldgeon and Soane, 1977)

of the tílled surface occurs

al., 1976; Rao eE al., 1960)

1979) .
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2.7.I Surface Crusting

Surface crusting occurs when surface aggregates are broken down,

resorËed, and repacked, so that a continuous layer of relatível-y fine
particles covers Ehe soíI. On drying, thís crust may limit emergence.

A soil crust can often prevent the emergence of rapeseed, vhereas wheat

ís able to penetraLe ít easÍly (de Jong and Rennie, L967).

A finely worked seedbed is susceptíble to crustíng. Thus convention-

ally tilled fields suffer more crustíng problems than zero tilled. Sur-

face crusting occurs much less frequently on zero tilled soils, because

the surface is more protected. The surface mulch protects the soil from

raíndrop ímpact preventing particle breakdotm (nichey et 41., 1977;

Baeumer ancl Bakermans, 1973).

Higher modulus of rupture measurements on tilled soíls índicate a

hígher susceptibitiEy to crusting (Skídmore et al., 1975).

2.7.2 Root Growth as Related to Compaction

RooÈ growth follows the path of least resistance in a structured soil
(Soane and Pidgeon, L975). The Presence of clods having high bulk den-

sity and mechanical strength decreases Ëhe volume of soil available for

grorvth. As such, plant response ís relaËed to Èhe strength of the

soíl, for an increase in st.rength will íncrease Èhe resisÈance to root.

growth (Pidgeon and Soane, L977).

Restrícted root development may occur on zero cilled soils. Harnblin

and Tennant (1979) found that. wheat roots htere restrícËed to shallorv

depths and,that the growth pat.tern was affected under zeto tiLLage. The

main roots \^rere thícker. All roots showed signs of distortíon and prol-

lferatíon of root hairs just behínd the grorving poinÈ. Fanged roots as

well as broken off root tips resulting fron high soíl strength rvere also

dl-scovered (van Ouwerkerk and Boone' 1970).

Increased trafficabÍlíty when usin g zelo tillage has been attributed

to increased soíl st.rength (Gor¿man et â1., 1978). Pidgeon and Ragg

(1979) reported rhat the zero tilled areas could be seeded during a rain

when conditíons \^rere Eoo rrtet, to seed conventionally tilled f ields.

Structural damage r*¡as avoided by using a light tractor.



Restricted root growth clue

conventionally tilled soils.
sive traffic over Ëhe surface

et al. , 1960) .

The use of zéro tillage may reduce or elimimate the' effects of

this compacted layer after a number of years (Harnblin and Tennant,

1979). Thís occurs frorn the effects of increased earth\,üorm activlty and

the presence of roots, whlch add organic matter and structure to the

soíl (Rao et al., 1960)

2.7.3 The Characterization of Compaction

The characterization of soíl compaction is a problern. Soane and Píd-

geon (1975) poínted out that the main dlffículty in properly assessing

the relatíonship between plant gro\"rth and soil condiEions r{tas Ehat the

measurements easiest to malce may not be t.he ones showing the greatest

slgnificance. Such is the case for buLk density. The effects of soil

suction, pore size distribution, mechanical impedence, âs well as bulk

density, all ínteract on the development of the rooÈ. Bulk density in

itself is an unreliable measure of the soil resístance to root penetra-

tion. Soil strength as measured by a cone penetromeEer tends to be a

much more useful measuremeût (Pidgeon and Soane, I976; Milford et al',

r961).

At a constanË waËer content, bulk density increases with soil

strength, but tf the \nrater content shouLd change this need not be Ehe

case (pidgeon, 1978). Camp and Gill (1969) demonstated soil strength

íncreased as \dater coritent decreased.

Cone resistance is related to soil strengËh and is independent of

texture (Pidgeon, 1978). It is a betËer indication of root grorvth espe-

cially on soils having little structural development (Harrod, 1975). 0n

the other hand, on structured soils roots tend to folloiu cracks, these

being ¡he natural avenues of least resistance. Penetrometer readings

hlgh enough to lirnít root grorrrth have been recorded on zero tilled soils

(Buhtz et al., l97O; from Baeumer and Bakermans, 1973). This may be

offset by natural structural development (Baeumer and Bakernans' L973).

2l

Eo the presence of a plow pan may occur on

The plow pan developes because of exces-

(llarnblin and Tennant, 1979; LaL, 1976; Rao
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2.8 LITERATURE SIN{MARY

Lower soil temperaLures are found under zero Eillage at seeding time'.

This is attribut,ed to the presence of a stra\ü cover on the surface of

the zero rilled soil (Lal , 1976; van I'lijk et a1., 1959). These lower

temperatures cause a reduct,ion ín early corn growth because of thís
crop's high heat requirement (van l{ijk eÈ al., 1959).

Higher soil moisture levels are found under zero till management,.

The increase is attributed to the presence of the strarv cover which

acted to depress evaporation (Moody et al., 1963). As well, differences

in pore size distribution hêlp t.o maintain higher levels of moisÈure

(Gowrnan et al., 1978) .

An increase in available \4rater is found to increase the germination

rate of rapeseed and wheaÈ in certain suction ranges (Shaykewich and

!ùilliarus, l97L\. The emergence rate of wheat can also increase with an

increase in moisture (Hanks and Thorpe, 1956).

Differences in temperature and moísture become less signíficant as

the season progressed and as the crop canopy develops (Moody et a1.,

1963; Blevins et al., 1971).
(

Reduced toÈal porosity (Gowman et. al., 1978) as well as ir¡creased

compaction (Pidgeon and Soane, 1977) occurs on sone soils under zero

till management. This rnay result 1n aeration problems on poorly draíned

soils (Pidgeon and Soane, 1977).

The suitabiliEy of the soil for zero tillage management has been

shown to depend on the ability of the soil to resist or recover from

compaction and changes in porosity (fidgeon and Soane, I979). Decreased

yíelds with zero tillage are attributable to poor soil conclitions

resulting 
, 
from the elimination of tillage (van Our+erkerk and Boone,

r970).



Chapter III
I'IETHODS AND }íATERIALS

3.1 STTE DESCRIPTION

Three soil types díffering in texture and drainage \¡Iere used.

3.1. I Graysville
One site was located on the Plant Science Research Station (legal

descriptíon 24-6-6W). The soíl T^ras a well drained Riverdale fine sandy

loarn (Ellis and Shafer, 1943) with Ëhe surface layer consisting of 76%

sand, 1-5ii silt, and L3% cLay. The zero Lilled plots had been establ-

ished tr¡ro years prevíous to the start of the investigation' The experi-

mental area was seeded to wheat in 1977 and 1978, and Ëo rapeseed in

1979. Measurements began in 1978.

3.I.2 Homervood

The Homewood síÈe r'ras located on the farm of Jim l{cCutcheon (legal

description 6-7-3Iü). The soil hras a poorly drained Sperling clay loam

(trhrlictr et al., 1953), with the surface layer consisting of. 571l clay,

257" síIt, and 18% sand. Soil text,ure varied verËically with depth¡ so

that the location of the \4rint.er wheat study was underlain by sandy clay

at a depth of about 76 cn. The field had been under zero tillage man-

agemenË for three years previous to the study. Rapeseed rnras sov¡'n into

cereal stubble in the spríng of 1978. I^Iinter wTreat !r/as solrtrl the follow-

íng autumn.

3,1.3 Sanford

The Sapford location \¡las on a very poorly drained Osborne clay (Ehrl-

ich et al., 1953) 10 miles rrrest of the town of Sanf ord (lega1 decription

23-8-2I,1) . The soil consísted of greater than 807' clay ' The soil had

not been tilled for two years prior to L979. The area \^las not seeded in

Lg7B, because excessive soil moisture prevented seedíng. In I979, rape-

seed ¡vas sorr¡n into a volunteer wheat stubble'

In 1979, seeding r¡¡as delayed at Sanford and Graysvílle because of

spring flooding in the Red and Boyne River valleys '

-23-
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3.2 TILLAGE METHODS

The type and amount of cultivaÈions used on conventionally tilled
plots are shown ín Table 1. The zero tilled plots 'çvere undisturbed

except by the seeding procedure. Plots at Sanford and Graysville l^¡ere

established and seeded by David Rourke from the Department of Plant Sci-

ênce. Cultivatíon and seeding were performed at Homewood by Jim McCut-

cheon, r¿ho used similar methods as listed for Rourke.

TABLE 1

Cultívation Methods for Conventionally Tilled Plots
nrr*¡"r ot

Location Operations Operations Time

Graysville
1978

Gravsville
797e

Sanford
r979

Double Disced
Double Disced
Harrowed

Double Disced
Double Disced
Harrowed
Packed

- prior to seeding

Deep Tilled
Cul-tivated
Harrorved

Operations perfoEmed by _David Rourke, Dept. of Plant Sci.,' Universì-tv of Manitoba.

3.3 SOIL TEMPERATURE

Soil temperature \^tas measured during the growing seasonr âs well as

during the 7B-79 winter at Flomewood. Thermocouples posítioned on wooden

probes placed in Èhe ground measured temperature at 2.5' 5., 10.' and

20, crn. depths. The probes were placed facing north. This \.ras to allow

a truer measurement of the temperature wiEhin the soil by rninimizing

heat transferrence by the black electrical tape which held the thermo-

couples on the probes. The treatments which were tested are listed in

Table 2.

.)

2
L

2
2
¿
I

2
I.)

Fal1
Spring
Spring

Fa11
Spring
Spring
Spring

Fall
!nrfn8sprr-ng

Readíngs rvere talcen perJ-odically throughout the day by using auËo-

matic recordíng potent.iometers. At Graysville, chart recording

rnodels(1) recorded Èemperatures every 4 ot 6 hours, depending on the



Location

Graysville

Ilomewood

Graysville

Sanford

Year

TABLE 2

Strar,¡-Tillage Treatments Tested

Tilled(T) Zero Tilled(U)

t97 8

L978

r979

t979

\

machine setting. At Homewood and Sanford, digital print ouE poÈentiome-

ters(2) were used. They recorded t.emperatures every three hours' excePt

during the winter, when they were set to record once daily '

Scattered ( ST)

ScaEtered(ST)

Scattered (ST)
Rernoved (RT)
Burned(BT)

Scattered ( ST)
Rêmoved (RT)
Burned (BT)

Temperature probes were inst.alled ín duplicate on all plots except at

Ilomewood where they were installed in triplicaÈe. Periodíc malfunctíon

of the potentiometers resulted ín some gaps in the data.

At mid season, deeper Èemperature probes rvere installed at Graysville

and Sanford. These placed thermocouples at 50, 100, and 150 cm. in

addifion Èo the four shallower depths. Temperåture measurements using

these probes rrrere Èaken weekly with a portable potentíometer'

Scattered ( SU)
Removed (RU)

Scattered ( SU)

Scattered ( SU)
Rernoved(RU)
Burned (BU)

Scattered ( SU )
Rernoved (RU)
Burned (BU)
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3.4 SOIL DEGREE DAYS

Soil degree days above 5C and 10C were calculated for the seeding

depths from the collected data. The depths of seeding were 2.5 cn. for

the rapeseed and 5 cm. for Ehe wheat. They were accumulated to deter-

mine the heaÉ energy available in the seeding zone for crop germination'

emergence, and early groetth.

For a given day, the degree days were calculated according to the

ecuation i

ä
t=3-

( I )Honeywell mulitpoint
Group, Phila., Pa'

(2) Carnpbell CR-5'digital
Utah

(ti - Tbase)/n

recor<ler from Ïlopeywel1 Industrial Products

recorder from Campbell Scientific Inc., Logan'



where Ti = Temperature at a given observation time

Tbase = base Èemperature:

5C for cereals and oilseeds
10C for corn

n = nurnber of temperaÈure readings per day

Daily totals were summed over the growing season.

By .using informatÍon
the wheat and rapeseecl ,

degree days above 5C to
dífference ín the gro!üth

3.5 EÌ4ERGENCE STUDY

From the literat,ure,
emergence Èo temperature

collected by

accumulated

det.ermíne if
response to

example of hor¿ the regression calculations !{ere done can

appendíx.

Equations for wheat and rapeseed were developed after an emergence

study was completed under controlled condítions. Rapeseed (Brassica

campestris c.v. Torch) and wheat (Tritícum aesitivum c.v. Sinton) !'/ere

planted 1n soil maint.ained at constant temperatures. Days to 5O'Z emer-

gence \¡rere recorded and a regression equation of the form:

IID=b(r-Tbase)
was calculated for each species. In Ehis equation;

D = days to germination, emergencet or groqrth stage

b = calculated regressíon coefficient
T = temperature at given observatíon time

Tbase= calculated base temperature

The data for Èhe wheat was combined with data from de Jong and Best

(Ig7Ð to increase t.he accuracy in the lower teroperature range. The

regression equation calculaEed from the combined data rsas used in the

study. By using these equations and the soil temperature dat.a stored on

compuEer fil-es, days to germination or emergence for the varlous crops

were predicted.

Rourke concerning Ëhe dry weight of

dry weighE r,ras graphed against soil

the strakr-tillage practice caused a

soíl heat.

26

regression equations relating
were developed for various croPs

germínaÈion and

(Table 3). An

be found in the



Regression

CROP
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TABLE 3

Equations Relatíng Time of Development (Days) to Ternperatur'e

STAGE FRO}{ PLANTING REFERENCES USED

Time to 50% germínation
----:----

I^IheaÈ l/D =.025(T + 4.024) Par'rloski-a4{ Shaylcewich' (1972)
Blackshaw (1979)

Green Foxtail IlD =.0083(T-4.9)

Inlheat

Rapeseed

Beans

Corn
-Moíst soll
-Ðry soil

Time t.o 50% Emergence

I/D =.012(T - 1.8) de Jong and Best (1979)

\!/D =.fl14(r - 1.2)

IID =.0232(T - 7.7) Scarisbrick et af .(1976)

Corn

Blackshaw (L97 9)

rln =.0093(T - 5.9)
l/n =.0093(T - 8.2)

Time Lo the 4th leaf stage

3.5.1 Corn Development

Because the temperature requirements of a crop change from one growth

stage to the next, four different regression equations calculat.ed from

the data of Beauchamp and Lattrrqell ( 1967) were used for corresponding

growth. stages. Tt \ìras assumed that using four separate equations would

be more accurate than only using one equatíon to predict the time to the

6-Ieaf. stage. These equatíons are listed l-n Table 4.

llD =.0026(T - 3.75)

Hough ( I97 2)

Using the given regression equations and the averages of all repli-

cates at a gíven depEh and observatíon time, the days to Ëhe end of each

stage were predicted.

Beauchamp an<l Lathrøel1
( 1967)

3.6 SOIL MOISTURE AND BULK DENSITY

Gravimetric soil moisture was taken in 5 cm.

20 cm. throughout the growíng season. Three

used for each strarv-tillage treatment

intervals to a depth of

to four replicaLes were



Stage

Stage

Stage

Stage

TABLE 4

Regression Equations used for Corn Developrnent

1:

3:

Planting to

Emergence to
2 to î-Leaf.

4 Eo 6-Leaf

Based on data from Beauchamp and Lathwell, 1967.

Emergence

2-Leaf

At seeding time, the samples were taken by usíng small cylinders of

known volume. By pressing the cylinder into the soil and carefully
removing the sample and cylinder, the sample could be Èrimmed Èo the

volume of the surrounding cylinder. The sarnples rrere removed, weighed,

oven dried and reweíghed. Bulk densit.y and volumetrlc h'ater content

were calculated at seeding t.ime, using this technique. Six replicates
were taken for each straw-tillage treatment for bulk density.

TlD

LlD

t/Ð
1/1)

.0152 (T

.0121(T

.00s1 (r

.0 138 (r

For the remainder of Èhe growing season, only gravimetric r{tater con-

tent \^ras determÍned by using f our replieates.

9.4)
3.9)
2.50

10.6)

In 1978 volumetric \.rater content was determíned to a depth of 135

cm., using a neutron moisture neter. Access tubes vere instal-led at mid

season and readíngs were taken on a weekly basis until harvest.

2B

3.7 AERATION

I^Ihen the soll \,ras rr'et ín 1978, aeration measurements were taken at
Homewood by using the platinum microelectrode method, âs described by

Letey and Stolzy (1964). Ten replicates per depth were used for both

conventional and zero tilled soils. The number of replicâtes was high

because of the nature of the measurements. The microscopic variabllity
of the soil required that a large number of readings be talcen, to ensure

that a representative value was obtained.

Readings hrere not taken ín 1979 because of 1or,r soil moisture. At lo'¿

moisture levels, the surface of the electrode is not enEirely covered by

hrater. Oxygen diffusion rate decreases as the area covered becomes

less, so that at low moisture conÈents, t.he readings are meaningless



(Birkle et a1., 1964). As well, because of
platinum electrode, installatíon is impossibe

the delicate nature
ín hard, dry soils.
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4.I SOTL TE}ÍPERATURE

Depending upon the type of strâ\,7-t,i11age practice' time of season'

and variatLons in mlcroclimate at the surface, zeto tillage q¡as found to

eíther decreaser(Figure 1) increase (Figure 6) or have no effect on the

soíl t.emperature. The main emphasis ís placed on the conditíons which

occurred at seeding time, although consideration also is given to soil

temperature differences rvhich occurrecl later in the growing season.

4.1.1 Straw Scattered Treatment

This kínd of strarìr management is commonly used by farmers, so that it

can be considered as being Lhe normal. As well, most researchers have

used this type of straw management when workíng on zero Èillage.

Maximum daily temperatures hiere <lepressed by as much a 6C due Èo the

presence of the straw mulch (Figure 1) (Fígure 2). Mínimum temperatures

were only slightly affected, íf at all. This resulted in a lower aver-

age daily temperaÈure on the zero tilled soil as compared Èo the conven-

tional. Average weekly temperaÈures were also lower on Èhe zero till

treatment at Graysvílle and Sanford' especíally early in the gror^ring

season (Figure 3).(See appendix.)

A straw coverÍng of 2.5 to 5 cm. in depth remained on the zero tilled

surface after seeding had been completed. Fall and spring discing were

usecl to work the stra\.r into the conventionally Eilled soil , so that the

surface $ras essentíally bare. The trashy zexo tilled surface r'Ias

líghter ín colour than the tilledr so l-ess radiation was beíng absorbed

(Iiankô et al., 1961).

As the season progressed, the strahr mulch darkened in colour and

disintegrated so that the effects of the sÈrarr' covering decreased. The

effect.s of thls strarT management practice did last well into the growing

season, persistíng much longer than those of other t.ypes. Tf. the straw

decomposecl slowly, t.hen the effects were even notíced t.o a small degree

-30-

Chapter IV
RESITLTS AND DISCUSSION
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at the end of the season, as occurred ín 1978 at Graysvílle.
the dífferences \Árere not noticeable af ter mid July.

In this study, no problems with stra\^I persist.ence from one year to

the next 1nreré encounÈerdd. The straw rnras f rom small graÍned cereals and

tended to brealc dovm readíly. Problems rnighr be. encountered r+ith

tougher stemmed crops such as rapeseed and corn' r'rhich break dornm at a

slor.rer rate. Removal of the sËra\¡r may be desírable, especially if large

amounLs are involved, so that problems relatíng to drill penetration of

¿he seedbed are kept to a minimum. As well, Griffith et al. (1973)

demonstraÈed that the depression of soil t.emperature was directly

related to the depth of the stra\ü mulch. Thís stucly illustrated that

even 5 cm. of sËrarú could depress maximum soil temperature by as much as

6C (Figure l). Care should be taken in preventing large stra\¡I build-ups

from occurring. Some Manitoban farmers rqho have tried zero tillage'

have encounËered problems wÍth crop emergence due to uneven spreading of

the stra\,r because of concentrations of stra\^t in localized areas

throughout .the field. This can be avoided rvith proper managemenL

procedures. Straw chopper and spreader attachments can do much in the

way of preventíng LocaIlzed build-ups, and resulting problems due to

cold soil temperatures.

4.1.2 Straw Scattered Treatment at Homewood, 1978

During the early part of the growing season, higher soil temperatures

rr¡ere found under a straw mulch (Figure 4) on a frequent' but sporadic

basis . At first, the possíbility that the higher spríng temperatures

could have been caused by higher vrinter temperaËures hras considered. At

míd season, maximum Èemperatures occurred aË dlfferent times on the zero

and convenÈional fields (FÍgure 5). This difference in phase between

the two systems was similar to one reporËed by La1(1976). At the time,

it was considered that the phase difference might have been caused by a

<lifference in the energy stored in the clay loarn under the t\do manage-

ment.systems. Closer examinaEion of the data revealed that r¿hen higher

temperatures occurred under zero Ëillage than under conventíonal at the

2.5 crn. depth, they did not follor,u or occur ât. the same time as hígher

temperatures at the 5 cm. and 10 cn. depth. This meanÈ that the temper-

ature phenomena oríginated at the surface. Also, since Ehere rìtas no

ínformation in the 1íterature supporting the fírst theory, a different

approach was used.
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TEMP vs TIME

HOMEWOOD 1978
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Conditions were si-milar to those founcl in a 1953 study in Texas.

Lemon (1956) proposed a theory which could be applied to thís study's

results as well as to the study ín Texas. He found thaÈ. a straw cover

increased the rate of soil rlrater evaporation by increasing soil

temperature. Hígher temperaËures resulted from the effects of the mulch

cover on Èhe wind patterns at the soil surface. The st.raw depressed

turbulent air movemenÈ sã that heat loss to the atmosphere was also

depressed. At these times, the strartrt cover acted as a heaÈ pump,

increasing the arnplitude of the díurnal \rrâv€¡ Maximím temperatures \^¡ere

higher while minimum were lower. Sirnilar temperature patterns occurred

in Èhe 1953 study.

Although no air movernent daËa vas collected, the sequence of events

leading to Ëhe phenomena described by Lemon (1956) could have caused a

similar occurrence at Homewood. The higher temperatures occurred

sporadical-ly, but frequently under a stra\v cover during the early to

mid season period. The event may have been related to surface air
paEterns, as described by Lemon, explainíng its Ëransitory nature'

The occurrence of higher temperatures under a sÈrar¡I mulch rìIas not

expected. The event has been found and recorded, but only infrequently.

The conditíons leadíng to iÈ l^tere brought about by a unique

microclimaEic situation at Ëhe surface. Possibly, these surface

conditions interacted with local wind patterns in such a \,ùay that rvas

only possíble for that particular mulch and particular wínd pattern.

This event should not be considered in the same light as the tillage
sÈudy, because it was an unusual occurrêrrcê. Zero tillage cannot be

expected to íncrease soil temperatures when the sÈra\^r remains on the

surface, under normal conditions.

4.f.3 Straw Removal Treatment

Strarv removal simulated the effects of baling. Quíte different temp-

erature effects resulted between zero and conventional tÍll-age systems

at seeding tiner âs compared to when the sËraw $ras scattered on top of

the surface. ltrhereas th'e zexo tilled soil was lower in temperaÈure in
the presence of a mulch at seedlng Lime, it was hígher when a mulch was

absent (Fígure 6). At Graysville and Sanford when the strar¿ trras removed

ín 1979, the temperatures were higher on the zero than on the conven-
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tionally tilled syst,em. On Èhe sandy loam, the increase mainly affected

the maximum daily t,emperatures (Fígure 6) but on the clay' temperatures

were affecged throughout the day (Figure 7), even though the moisture

content was higher (Figure 19). This difference in soil temperature

lasted until late June on the clay, but only occurred for a couple of

weeks after planted on the sandy loam.(See appendix.)

The greater amount of compaction which occurred under zero tÍllage

was probably responsible for the difference. The greater amount of

part.icle to particle contact within the soil íncreased heat flor¡ ínto

the untilled surface (Nakshabandi and Konke ' 1965). As the season

progréssed and the plowed surface became compacted by successive wettíng

and drying cycles, Ëhe differences became less noticeable and finally

disappeared.

trlhen Ëhe strely \¡Ias removed , a layer of chaf f of ten remaíned on the

zero tilled surface. The chaff did not depress soil temperature like

the straw had. However, the thickness involved was much smaller, so

that any effect would have been less. If the chaff had been the same

depth as the strahr, then sím'ilar results would have been found. The

chaff would have acted in the same rray as the stravt. Under normal

farmíng condiEions, problems with chaff bulld-ups may occur ín localized

areas throughout the fíeld. If these conditions act to depress

emergence and early growth, then the placemenE of a chaff saver on the

combine could be helpful. This would remove the problem of having to

deal rvith the fínely divided maLeríal, and would also help Eo remove

un\,ranted weed seeds from the trash.

I*lhen the strahr hTas removed, ûo depressíon of soil temperature

occurred on the zero tilled soil. In fact, temperatures \trere somewhat

increased. The literature contains no information on the effects of

stra¡nr removal on soíl temperature dífferences under zero and

conventional tíllage. Hopefully by examining this possibility a little

more closely, the recommendations will- be able to be wi<lened so as to be

more specífic for the dífferent stralnl nanagement'practices for the

various soil and climatic areas.



STRAW REMOVED
- ZERO TILLED

STRAWSCATTERED
-TILLED

39

r STRAWSCATTERED
-ZERO TILLED

T|ME (hrs)

Fig. 6 the diurnal- t,emperature variatíon under the straw removed
treatment aÈ Graysville, L978.

/
It

CARMAN 1978

DEPTH 2Ocm

-Æ

68
JULY 2l



26

24

22

?o

t8

t6

t4

a2

to

I

6

TEMPERATURE vS TIME

SANFORD 1979

DEPTH Scm

o
a
o
=l¡,Þ

/otou,
Slrow Removed -Unlil led

rt rrt ¡o ¡oro rft ro rl
t'- ?f) o)

JUNE 8

Ftg. 7 the dl-urnal temperature varlation under the straw removed treatmenË at Sanford, L979.

þ-o,

"Tq

Slrow Removed - Tilled

l(t ¡o rfl ¡o ror)nro|f)rtÈ-99
JUNE 9

ro¡oro'f)
rf) îO lf, lf)r-99
JUNE IO

r



4l

4.1.4 Straw åglgg4 Treatment

I.lhen the straw vras burned, t]ne zeto tilled surface was dark in col-

our, simj-lar to the colour of the conventionally tilled soil. This

meant that both tillage sysÈems produced surfaces Ëhat absorbed sinilar

amounts of incoming radiation. At Graysvílle and Sanford the difference
in soil temperature beÈween the two tillage treatments \4/as very s1ight..

Conventional and zero tillage produced almost identical maximum and

minimum temperaÈures at. Graysvílle (Fígure 8).

At Sanford there vras a more noÈiceable difference ín soíl temperature

patterns due to tillage practices, a1-though it was still quite small

(Figure 9). At seeding Èime, Èhe zero tílled soil ¡.ras .5 to lC r¿armer

at all Èimes of Ehe day. This was probably due to the higher bulk den-

sity of the zero t1lled soil. Thís difference did not persist long

afEer seeding, so that it was of minor importance.

Of all the strarr management practices, the stra\ìr burned-zero tilied

produced the most símilar Ëemperature conditions to the conventional

tillage system. The effects of burning on the soil organic maÈter and

strucËure are not well knor.rn. Rernoval of the stra\l makes the soil more

susceptible to erosion (Lal, 1976). As well, burning the straht residue

can result ín unfavorable environmental condltíons due to air pollutíon.
Caution is needed in approaching the possíblity of using this somewhat

drastic but. effective method of trash management.

4.1.5 Itlinter Soil Temperat.ures under Zero Tillage
Soil temperatures remained higher and fluctuatgd less under Èhe zero

tilled condÍtions as compared to those under convent.ional (Figure 10).

The difference in temperature varíed less at the lower depths, which

were less subject Ëo atmospheric influences (Figure 11). Because of the

wide temperature fluctuations and the very low temperatures involved,

the survival rate of the wínter wheat was less than 1% under conven-

tional tillage. On the zero tilled field, Ehe temperature decline $ras

gradual and fluctuatíons were relatively ínsígnificant, so the rate of
survival was high. The zero tilled condltiond rarely produced severely

low soíl temperatures. The lowest reaãings obtained from the end of

November to the effld of January are lísted in Table 5. Conditions !{ere

favorable for winter wheat acclimatizaÈion under zero tLLLage. This has

been supported by similar findings of Halverston et al. (1976).



TABLE 5

Lowest temperatures(C) recorded

DEPTFI (cm.¡ CONVENTIONAL ZERO TILLED

0.0 -2r.r1.0 -20.22.5 -19.2
5 .0 -17 .810.0 -16.120.0 -1 3.8

Snow cover rras the facEor controlling soil Lemperature. Schneider eÈ

al. (1978) demonstrated the importance of leavlng the stubble on the

field Eo maintaln the sno\,r. They demonstrated that Èhe depth of snow

was directly related t.o the height of stubble and that increased amounts

of snow produced hígher soil temperatures. The rapeseed stubble in this

study was left at a height of 15 cm. so Ëhat it díd have good snoru

holding potential , and was able to maíntain the snol.t on the field. The

sno\,ü cover ínsulated the soil against rapid heat loss and large

temperature variations. The coveríng of snorq on the conventionally

tilled f ield was poor, most of it having been blorvn a\'ray. I'lhere the

snov¡ had blown off of the borders of Èhe zero ti11ed fíeld, the winter

wheaL had died as under convent.ional tillage.

The use of reduced tillage in our climatic area could make r¿inter

wheat production possible in spite of extemely 1ow air temperatures. As

long as the snoru remalns on the field, the crop is protected from

extreme environmental conditions. Thís is not usually possible ¡¿ith a

conventional system, because Èhe wínd blows the snow off of the field.
Zero tillage eliminates this problem by the use of stubble. The

severity of the winter need not. be consídered as a hinderance to r,¡int.er

wheat production, unless snowfall is greatly below average or only

occurs late in the winter. In these cases, soíl temperaLures would be

similar on the conventional and zero tilled areas.

4.1.6 Soil Temperature :General Observations and Remarks

The type of straw-tíllage practice influenced soil temperature' sepa-

rately and together, especially at seeding time. As the season pro-

Average difference = 8.BC

-T2.8
-r0.2
-9 .8
-B .5
-7 .2
-7.0

during the r¿inter

DIFFERENCE

8.3
10.0
9.4
9.3
8.9
6.8
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gressed, the crop increasingly shaded the soil surface from
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radiation, so that differences due to surface conditions became less

important. This is ín agreement with símllar observatioris macle by La1

(r97 6)

As explaíned by Carson and lfoses (1963), the temperature wave moved

into the soil as a damped, Lagging rìrave. As the arnplitude decreased,

surface conditíons becarne less important in determining soil temperature

differences. During the early part of the season, differences in soil
temperature vrere found consistantly down to 20 cm. \nlhen readíngs were

taken using the deeper probes, the effects of the strarv-tillage practice

might or might not extend to the 50 cm. depth.(See appendix for tempera-

ture data.) At these lower depths, êny differences which occurred ¡vere

not consístant with those found closer to the surface. Also, tempera-

ture trends relatíng to tillage practice r^tere incons,ístant at lower

depths, whereas they often persisted well into the season within the top

50 centimeters.

Greatest differences occurred during períods of high solar radiation,
i.e. during cloudless periocls. As rvel-l, differences rrtere more noticea-

ble when, the soil was dry, because the effects due to dífferent ground

conditions decreased as the amplitude of the temperalure \^lave rras

depressed,

At seedíng time, the r^tater content was higher on ühe clay and clay

loam soils than on the sandy loam. Thís causecl the clay soils Èo heat

more slowly than the sandy soi1, and to have a snaller diurnal tempera-

ture variatlon. At GraysvÍlle, on the sandy loam the amplitude of the

diurnal temperature \^rave \^las greater than that found on the clays (fig-

ures I and 2).

ìlaximum temperâtures were af f ecte<l t,he greatest, so that Èhe most

signíficant differences in temperature occurred at the time r¿hen the

soil was the warmesL. Minimum temperatures lrere not significantly
affected, So that, in contrast'"'to results reported by van I^lijk et

al . ( 1959) , there \¡ras no increase in minimum temperatures due to the

presence of a stra\rr layer (Figures 1 and 2). The differences r,¡hich

occurred r¿ere due to the effects on the maximum temperatures r to a great

exterit. Maxímun temperatures were depressed, but minimurn temperatures

lrere not usually increased by a straw mulch.
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4.2 SOIL DEGREE DAYS

Soí1 degree days can be used as an indication of the heat energy

available for plant development. Several fact.ors may ínfluence the res-
ponse of t.he crop Èo this energy. These include soíl moisture, texture'

fertility and planË population, to name a few. For example, low mois--

ture at seedÍng ti¡ne delays maËurity. Low moisture laËe in the season

can have the opposite effect (Edey, 1977).

AccumulaÈed degree days above 5C and 10C were calculated for the per-

iod from seecling to harvest (Tables 6, 7, B, 9). The differences bet-
$reen accumulated degree days for the entire growing season for various

st.raw-tillage practices sometimes reflected the soil temperature trends

at seeding time. For example, the accumulated degree days for the straw

scattered treatment were higher on the convenËionally tilled soil. On

treatments where stravr rras removed, Ëhe accumulated degree days were

greater on the zero tilled treatment than on the conventional at the

begínning of the season. Thís trend persisted until the end of the sea-

son, when they became similar (Fígure 12). Even if significant differ-

ences in accumulated degree dayè occurred early in the season' no dif-

ference might be found by the end of the season. 0r in the case of the

burned treatment, where little difference nas found early in the season'

the zero tílled plots had more soil degree days accumulated by the end

of the season.

TABLE 6

Accumulated soil degree days at the 5 cm. clepth at Home'¡oodr 1978.

DEGREE DAYS
ABOVE

5C

10c

Fronr 29 }lay, to B August, 1.978.

STR¡.I\Ï SCATTERED TREAT}IENT

TILLED

hlhen considering the three zero tilled strarv

emerges. The stra\./ scattered treâËment was lowest

L024.9

623.5

ZERO TTLLED

LO27 .4

620.7

treatments, a pattern

in accumulated degree



TABLE

Accumulated soil degree days at the

SOIL
DEGREE

DAYS
AsOVE

STRAI^¡ SCATTEREI)
TREAT}1ENT

5C

10c

TILLED ZERO TILI,ED

I23U.I
785.5

From 4 May to 7 August' 1978.

1

5

t200.2
7 43.7

cm. depth at Graysville, I978-

STRAI,I REMOVED
TREAT}4ENT

SOIL
DEGREE

DAYS
ABOVE

TABLE 8

Accumulated soí1 degree days at Graysville, I979.

ZERO TILLED

5C 962.5 894.6 962.5 950 .5 894 -6 950. 5

IOc 515.5 45r.2 497.9 452,0 505-0 52r.4

CT -conventional tillage
Z"l - zero tíllage

From 24 llay to 17 August, 1979.

t209.7

753.4

STRAI,I SCATTERED
TREATMENT

CT

49

Z1

STRAI^I REM0VED
TREATI'IENT

days, followed by the stra\^/ removed. The highest values were obtained

on the burned treatmerit (tables 8 and 9).

CT ZT

Accumulated dry matter as measured on a bivreekly basis by D. Rourke,

was graphed against accumulated degree days above 5C for rapeseed gro\ún

at Sanford ín 1979 (Figure 13) and for the wheat grorrrrì aË Graysvílle ín

I97B (Figure 14). AË both locat.ions, mqre dry matter l'las produced early

in the season on the stra\nr scattered treatment under zero Èillage than

under conventional. This rnay have been caused by higher available mois-

ture on Ëhe zero tilled soils (Figures 18, 19).

STRAI.I BURNED
TREAT}.ÍENT

CT Z1



TABLE 9

Accumulated soÍl degree days at the 5 .cm. depth at Sanford,'L979.

SOIL
DEGREE

DAYS
ABOVE

STRAI^T SCATTEREI)
TREAT}4ENT

5C

10c

CT

CT -conventíonal Ëíllage
ZT - zeto tillage
From 7 June to 29 August , L979.

The zeto tilled plot at Sanford with strariT .removed by burning

accumulated hlgher amounts of dry matter during early and mid season

growEh (Figure 15). As no moisture advantage existed under burning'

other factors such as plant population or fertility must have been

influential in dbtermíning this response, Possibly yields were higher

because there hras no irnmobilizaÈion of nitrogen by the decaying straw'

807.9 747.2

58L.2 5r2.6

ZT

STRAT.T REMOVED
TREAT},ÍENT

CT

794.8

603 .9

ZT

STRAVJ BURNED
TREATMENT

789.4

567 ,9

ÍJhen the stra\,q was removed, rlo dif ference in dry matter response to

accumulated degree days was found betr,reen tillage treatments (Fígure

16). This was in spite of higher moisture on t,he zero ti1led plots

(Fígures 21, 22).

CT

801.9 820.6

567.0 649.6

50

ZT

After emergencer the plant is strongly influenced by atmospheric

conditions so that soil clegree days per se. âre not important for most

crops. This is especially Èrue when considering the cereâls and small

seeded crops whose growing poínt.s are above ground shortly after

emergence. For corn, soil heat energy is significant ín deËermíning

development, for the groraing point remains below ground unEil the end of

leaf ínitiation at Ehe 6th leaf stage (Beauchamp and Lathwell, L967) '

4.3 PREDTCTED DAYS TO EMERGENCE

The purpose of thís study \^tas to determine íf crop production would

be límited by the lower soil temperatures often associated trith zero

tÍllage, and to determine whether these colder soil temperatures would

result in slor,rer crop development. Soíl temperaEures liere found to be
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lower under zero ti-J-1-age when a strar\r cover reaained on the surface
(Figures I and 2). By using regression equations developed from the

literature and experiaental vork, in combination with the collected soil
temperature data, piedictíons were made for time to germination or emer-

€lence for various crops. These predicted values are listed in Tables

10r 11,12, and 13.

For the majorit.y of the crops tested in this study, the differences

in development found between the tillage treaEments were small and

l-nsignificant, so that no large delay in germínatlon or emergence \tas

found. Therefore, with proper stralt managemenE, emergence should be as

rapíd under zero tÍlled conditions as under conventional tíllage.

Poor emergence occassionally reported by farmers is probably associ-

atecl with improper strarìr management procedures. Accumulations of stratù

may cause abnormally low temperatures in spring resulting in delayed

emergence. As well, the strarÀt may shade the young seedlíngs so Èhat

they die before reaching light. Our data suggests that careful manage-

ment should alleviate any problems.

For corn, emergence was found to be delayed 2 to 3 days due to the

presence of the mulch. Although this does not seem to be a very great

delay, in field conditions the delay could even be more. It is impor-

tant to remernber Ëhat corn seeds are subject to microbial destruction by

fungi in cool wet soils (Martin et al.; 1935, Arnon,1975). This means

that before growth begins, delayed germination can cause losses ín the

number of víabte seeds. This effect is not accounted for by the regres-

sion equat,ion relating growth to temperature.

4.3.1 Corn Development

Temperature requirements of the plant change as devel-opment pro-

gresses. By using data from Beauchamp and Lathwell (1967) a four stage

procedure, based on the number of leaves rvas developed. Soil temperature

data, stored on Èhe computer, vras used r¡ith the. regression equation to

predict development to the 6-Leaf stage for corn. These values are

listed in Tables 14, 15, 16, and 17.



TABLE IO

Predicted tlme for plant development at Homewood

cRoP r?lTå$ 
ttoTrEREDErRE+iiliHi

GERII"IINATION

T^IHEAT'

GREEN FOXTAIL

EMERGENCE

I^IHEAT

RAPESEED

BEANS

CORN: dry soil
CORN: moisÈ soil

I .63

t0.25

5 .50

4.25

4.s0
12. 13

10. 13

I .75

10. 63

Planting Date 29 May, 1978.
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5.75

4. 13

4.50

t 2.50

10. 3B
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TASLE I 1

Pfedicted time for plant developmenE at Graysville, 1978

STRAI.J TREAT}IENT
CROP Scattered Removed

GERMINATION

I^IIIEAT 2.0

GREEN FOXTAIL 13"67

Tilled I Zero Tilled I Zero Tílled

EMERGENCE

I'lHEAT

RAPESEED

BEANS

CORIIT:
dry soil

CORN:
moist soil

2.L7

16.00

8.83

6 .50

10.17

18 .0

13. 83

9.33

7 .00

i1.83

20.00

16.33

2.I7
14.30

5B

Planting date 4 ìlay, 1978.

e.09

6.67

11.00

18 .83

14.50



TABLE 12

Predicted time for plant development at Graysville, 1979

STRÀI'I TREATMENT
CP,OP Scattered R.emoved

GERMINATION

}ITTEAT 1 .83

GREEN FOXTAIL I0.67

Tilled I Zero Tílled I

EMERGENCE

I4IHEAT

RAPESEED

BEANS

CORN:
dry soil

CORN:
moist soíl

2 .00

L2.67

5 .83

4.17

4.67

13 .83

10.50

Zero Tilled

7 .00

4 .83

8.00

17 .33

12;67

Planting date 24 l{.ay, 1979.

1 .83

11.50

59

6.67

4.50

6.83

15.67

11.33



Predícted time for

CROP
ScatLered

GER}ITNATION

rdHEÀT

GREEN FOXTAIL

'nlT!^¡l

TABLE 13

development at
STRAI{ TREATMENT

Removed

EMERGENCE

I'ITTEAT

R.APESEED

BEÀNS

CORN:
dry soil

CORN:
moisË soil

2.5

I1.1

TIZT

2.5

t2.3

Sanford, 1978

Burned

TIZT

10.9

6.4

5.4

6.5

13.7

11.0

2"5

12.3

7.3

6.1

7.1

15.4

12.3

Planring date 7 June, 1979.

2.5

11.3

6.5

5,3

6.3

t3.4
10.6

60

,, |'

11 .0

5.3

7.1

15.4

t2.3

6.8

5.4

6.6

14.3

11.3

6.5

5.3

6.3

13 .5

10.8



Predicted days from

Planting Date

STAGE
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TABLE 14

planting to sÈâge of developmenË for cornrHomer¡rood

Þ1ay 29, L978

STRAT,ü SCATTERED
Ti1led Zero Tilled

Emergence* moist soil
* dry soil

2-Leaf

4-Leaf
6-Leaf

* - based on Hough's equations(1972)

9 .88
10.38
L2.50

15.75

27 .50

38.50

Predicted days frorn

Planting Date

STAGE

10.25
10. i3
12.13

16.s0

27 .38

37 .88

Emergence
moist soil
dry soil
2-Leaf

4-Leaf.

6-Leaf.

TABLE 15

planting to development for corn, Graysvíl1e, Ig78

lLay 4

STP"AI,T TREATMENT
Scattered Removed

Tilled Zero tilled

1B .00
13. B3
18 .00

24.83

44.t7
55.50

* - based on Hough's equations (1972)

Table lB l-ists the predicted daEe to the 6th leaf stage for conven-

tional and zexo ÈilIage for the varíous planting dates involved on the

stra\¡r scattered treatment,, as well as days to emergence. Soil tempera-

tures were found to influence corn development for a considerable length

of time. The earlier the planting date, the longer development r^Tas

influenced.

19 .83
16 .33
20.00
27 .83

46 .00

56.83

Zero Tilled

18 .83
14.55
18. B3

25.83

45.33

56.67



Predicted days

Planting

STAGE

Emergence* molst-soíl* dry soíl
2-Leaf

4-Leaf

6-Leaf

from planting

Date llay 24

Scattered

62

TABLE 16

Èo development for corn, Graysville, L979

STRAI^I TREAïI'{ENT
Removed

Tilled Zero tilled Zero Tilled

15.00
10.50
I 3.83

2L.83

44.17

47 .L7

* - based on l{ough's equations (1972)

17 .83
t2.67
17 .33

25.33

4t.17

54.17

TABLE 17

Predicted days from planting to developnent

Planting Date June 7, I979

STAGE OF
DEVBLOPMENT

16.T7
11 .33
t5.67

23.67

38. B3

s0. 33

Emergence*moist- soil* dry soil
2-Leaf.

4-Leaf

6-Leaf.

STRAI{ TREATMENT
Scattered Removed

9.38
10.63
13.38

15.38

25.63

32.50

T - conventional tillage
Z"I - zeto tillage* - based on Hoügh's equation (1972)

ZT

11.38
11.00
13.75

17 .25

27.88

36 .00

TZT

trdith Èhe earlier planting dat.e, Ëhe seed remains in the soil for a

longer time, so that damage may occur. Planting should noÈ take place

until soil temperatures are high enough to promote rapid development.

As predicted from Èhe collected soíl t.emperature data ' zero tíllage

could have resulted in a delay in development to the 6-leaf stage. Èhis

\¡Ias as much as seven days in one case (Table 15).

I0.63 9.13r1.25 12.25
14.25 15.37

16.75 r5.00

27 .38 25.25

35. 1 3 32.13

for cornrSanford

Burned

9.75
L2.25
15.38

L5.75

26 .00

33.25

ZT

9.25
10.75
13 .50

15 .00

25.25

32.75



Days to emergence

Plantins I lays
Date - |

and predicted

t,o Emergence 
I

Gravsville.1978
May 4 18:0 19. B

Graysville. 1979
tlay 2'4 15:0 17.8

I ritte¿
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TABLE 18

date of development to Èhe 6-leaf stage
ror corn

Predicted Date for Developmentto the 6-Leaf Stage

Zero Tilled I

Homer¿ood , 1978
Mav 29 9.9

Sanford,
June 7

Tilled Zero Tilled

On the sandy loam, predicted days to emergence based on the four
stage study developed from data of Beauchamp and Lathrvell (f967), agreed

closely with results using Hough's equaÈion for dry soil(1972) (Tables

15 and 16). 0n the clay and clay loam soils, the predieted values,l"ing
the four stage method agreed closely with results using Hough's equation

for noist soil (Tables 14 and L7). These findings for the differenr
soíl types were in agreemenE. with the soil moisture conditions thaÈ

existed at seeding time (Figures 17, 18, and 19).

4.3.2 ldeed Competition

When the soíl ternperâtures were lor.rer due to Èhe mulch, there r¡ras, a

predicted delay in the germinaËion of green foxtail. The results indi-
cated thaË wheat, beans, and rapeseed would be good competitors rvith

this weed, because of their abílity to germlnate an<l emerge at lower

soil temperaÈures. These crops should develop earlier and compete more

favorably against the green foxtail for light and moisture.

r979
9.3

June 29

July l0

r0.3

11.3

July

June 30

July 17

July 6

July 13July 9

4 .4 SOTL }ÍOISTURE

4.4.1 Straw Scattered Treatment

trIhen the strar¡r had been scattered on Èop of the ground at. harvest

time, higher moisture levels were found early t,he nexÈ growing season on

the zero tilled soils (Figures 17, 18, t9). The moisture advantage was



greater on the clay and clay
of the greater \^rater holding

Neutron moisture meter readings in 1978 ínclicated higher volumetric
\tater _contents consistantly occurred on the zero tilled soil from 30 to
60 cm. on both soil types.(See appendix.) Soil moisÈure r"ras higher on

the conventionally tílled plots belor.r the 60 cm. level. A sampling of
root distribution patterns dov¡n to 150 cm. r¿ouful have been useful in
determining the uptake of water r¡ithin the profíle. Tillage could have

affected the root dístribution which rvould in turn affect the soil mois-
ture use (Hamblin and Tennant, 1979)

The main moist.ure advantage for zeto tillage was within the 0-5 cm.

depth. As rvell, soil moísture withín 0-20 cm. vras distributed more

evenly in the prof íle on the zero Èilled soÍls (Fígure 20) . I^lhere

moisture \tas especially low at Ehe surface of the conventionally tilled
soil, it was considerably hígher under zero tillage. This is in
agreemenÈ with previous findings in other climat.ic areas (Pidgeon and

Soane, 1977)

Increased available moisture probably decreased so11 strength,
helping to alleviate emergence problems due to high bulk densíty values
uncler zero ti-1-1-age (Camp and Gill, 1969). As well, increased moist.ure

aided in the more rapid and even germination of rapeseed on the clay and

clay loam soíls by decresíng soÍ1 suction.

Soí1 temperatures r^lere depressed on the zero til1ed plots due to t.he

presence of the stral{r mulch, so that evaporation rEas reduced (Hanks and

I,loodruf f , 1958) . This aiderl in moisture conservatíon.

4.4.2 St.raw Removal Treatment
Zero til-Led soils aE Sanford and Graysville were found to be equal or

higher in available lÀIaËer throughout the early and mid growing season
(FÍgures 2l and 22). AÈ Sanford, on the heavy clay, thís advantage

occurred throughout the entíre season although it was only significant
for the first few weeks (Fígure 22). At Graysville, on the sandy loam,

the zero tilled soil was higher in moisture during the early part of
July, when the greatest differences between tillage rreatments also
occurred on the strâ\,/ scattered treatment. The dry period in early July

64

loam soils than on the sandy loam, because

capacity of the clay,
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GRAVIMETRIC WATER CONTENT vs DEPTH
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Fig. 20 Gravímetric soil moisture distribution Ín the profil-e, Homewood,

L978.
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of. 1979 quickly depleted Èhe soil moisture on the conventionalty tilled
plots, but not on the zero tilled plots. Thís demonstrat,ed ttiat zero

tillage was useful in preventing moisture stress from occurríng during
short drought periods as reported by ShanholEz ancl Lillard (1968).

The higher available moisture even rnrith straru removal could have been

caused from an alteration Ín pore size distribution. Zero tílled soils
are reported to have a greater percent of srnaller sized pores trhich are

less subject to \.rater loss by, drainage or evaporail\n (Gor.rman et al.,
1978; van'Ouwerkerk and Boone, 1970) . Also, because some stubble r.ras

remaining, moisture may have been higher due to greater amounts of snor,r

cover (Schneider et al., 1979).

Difficulties in chaff removal resulting in a thin resídue covering
coul(l have helped to maintain higher \,rater contents, alEhough soil
temperatures hrere noÈ depressed on these plots by the chaff (Figures 6

ancl | ).

4.4.3 Straw Burned Treatment

Although no significant differences occurred between the tillage
t,reatments, some noÈiceable trends rrrere f ound. Higher moisture rrras

found under zero tillage than conventíonal at various times throughout

the season (Figures 23 ar.d 24).

At Graysville, soíl moisËure depletion during early July and late
August was slower under zero t,illage (Figure 23). At Sanford the pat-
tern rìras sirnilar for late August (Figure 24). The hígher moísture lev-
els at these times could have been caused from fact.ors relating to an

alteration ín pore size distribution, as mentíoned. earlier for the stra\,r

removed treatment.

0f the three stra\^r nanagement practíces used, burning produced the

lowest soil moisture on the zero tilled soil at seeding time. Burning

is a recommended practice in some areas of Great Britain ¡,¡here excessíve

moisture condítions produce problems during seeding and early grorvth.

The British climate is much more humi<l than that found on Èhe Canadian

Prairies. In this region, higher moísture levels on zero tilled fields
rnay cause a delay in seedíng of only 2 to 3 days, compared to I to 2

rveeks'in Britain. The convenience of managing excessive sËravr by this
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method cannot be deníed, for it takes a minimum of equiprnent and knornr-

ledge. Caution has to be used in approaching the procedure though;

because burning does have undesirable effects on the environment, espe-

cially on the air. As well, the effects of burning on the soil organíc

matter and microstructure are not, well known. One of the main advan-

tages of usíng zero tillage ín the prairie climate ís the increase in
available moisture. Idise strar^r management procedures must. be used to
ensure the maximurn benífits of zero till are obÈained without sacrifíc-
ing in the way of field time or economics.

4.4.4 Soil Moísture Summary

The riifferences found in soil moisture betrnreen convenÈional an<l zero

tilled plots lrere most signíficant early in the growing season, when

evaporatíon was the dominant means of soil moisture loss. During Ehe

early and mid season periods, ground surface conditions r¡rere irnporËant

in determining surface energy use, including the use of heat to evapo-

rate water. The presence of the strarv and stubble decreased evapora-

tion, resulting ín higher available moist.ure under zero tillage.

The amount of stubble and snorú cover on the plots helped to determine

the amount of available rnoisture in spring. The zero tilled plots where

Ehe stubble remained were able to hold the snor,r better (Schneider,

1978). As well , run of f was slornred dorun by the strarv, allowing greater

infiltration (Shanholtz and Lillard, 1969).

4.5 BULK DENSITY

4.5.L Graysville: Riverdale Sandy Loam

Values obtained in the first year of. the study, (Table 19) showed a

rnuch different trend from those obÈaíned l-n the second (Table 20). This

índicated that the soil had not reached an equilibríum level ín the sec-

ond year of. zexo tillage management. Pidgeon ancl Soane (1977), found

that ít took three years to reach the equilibríum level on zero tilled
soils. Because the valr¡es changed from one year to the next, the bulk

density data cannot be considered as being representatíve of any long

term índicatíon of soi.l strength, but just, of the conditions at seeding

Èime.
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In 1978, bulk density values Èalcen on the sandy loam indicated that
the stra\\r scattered zero Lilled was more compacted than the stra$r scaË-

tered conventional ancl t.he stra\{ removed zero Èílled treatments. In
1979, al-L zexo tilled plots were found to be less cornpacted than the

conventional treatments having similar strav¡ management practices. The

bulk densíty values rvere lower than in the previous year, which rvas

opposite to the compaction vrhich r¡ras expected un<ler zero tillage (Pid-
geon and Soane, 1977). 0f the three stra\^r management practices, the

highest bulk density values r{ere obtained on the straw scattered plots,
and the lowest on the zero tilled stra\^r burned. This could have been

relatecl to the amount of traffic t.hat was involved in preparing the
plots, f.ot the burned treatment required fewer "trips over the field" to

prepare.

No true compaction probLems could be ascertaíned from the rlata.

Relatively high bulk density values (1.3 g/cc.) were found on the strar.,

scatËered tilled soil, but higher moisture levels occurred as rvel1,

which would tend to decrease increased soil strength, commonly associ-

ated with higher bulk density values.

DEPTH(cn.¡

TABLE 19

ßulk clensity ( g/ cc. ) on May 4, Graysville, I97 8

STRAId TREATMENT
Scattered Removed

0

10

I5

5

l0
15

20

L.22

r.24
1.27

1 .30

r.36

r.26
L.32

I .39

4 .5 .2 llomewood: Sperling Clay Loarn

The zero tilled soil was higher in bulk densíEy than the conventional
wirhin the top 20 ,cm. (Table 21). Bulk density increased with depth on

both types of tillage systems (FÍgure 25)" All values r{ere below 1.3

g/cc. suggesting that relatively líttle compaction occurred (Table 21).

T - tilled

r.2l
T.2B

r.22

L.42

ZI - zero tílled



Bulk density (g/.".rt::t;Jo ,0, 
"r^rsvnle 

, LsTs

DEPTH
(cn. ¡

0-5
5-10

10-15
15-20

STRAI^I TREATMENT
Scattered Removed

TZT
1.18 1.09

L.2B 1.11

I.23 1.09

r.34 1.08

T - tilled z ZT/- zeto tilled

4.5.3 Surface Crusting

The zero tilled soil did not suffer from surface crusting problems

which did exíst under dry conditíons on the convenËionally til1ed soil.
Zero tLLLage produced a more fríable seedbed, higher in tnoísture with
better soil-seed contact.. 0n drying, the conventional surface formed

hard clods detrimental to the emergence of the rapeseed. Even if the

zero tíILed plots were higher in bulk density, the conditions for early

seedling growt.h r^rere more favorable.

1 .09 r.02

1.23 1 .06

o.98 L.26

r.20 0.98

ZT

Burned

TZl
r.20 0.98

L.23 0.88

1.19 0.92

I .20 0.95
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4.5.4 Sanford:, Osborne Clay

The plots rìrere established in 1978, so had not reached an equilibrium
level of compaction by L979. Bulk clensity values are list.ed in Table

22. Some amount of relative compaction rsas found on all of the zero

tilled plots, but not at all c{epths. The bulk densíty was higher at the

surface under zero Èillage for all stra\,r management practices . This

r{as not deLrimental t.o early growth, due to the better sÈructural condi-

tions on the zero ti1l than on Ehe conventional. 0n dryíng, the conven-

tionally tilled surface formed hard clods nhich ínpeded crop emergence.

A measure of soil strength from a penetrometer would have been more use-

ful in this case in demonstrating compaction.

4.5.5 Bulk Densitv Summary

Bulk density values were taken as an indication of soíl compaction

within the surface 20 cm. Condítions r{7ere found to vary from one loca-

tíon to another as r,rell as from one year Eo the next (Tables 19, 20, 21 ,
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DEPTH
(cm.)

TABLE 21

Bulk density (g/cc.) on May 29, Homewood, I97B

STRÂI.I SCATTEREDTilled Zero tilled

0-
5-

l0-
t5-

5

10

15

,^

1 .02

r. r3
r.23
t .20

TABLE 22

Bulk density (g/cc.) on June 7, 1979, at Sanford

STRAI.I TREATMENT
Scattered Removed Burned

DEPTH
(cm. ¡

r.07
t .17

L,25

t.26

0-
5-

10-
15-

s 0.99

r0 1.14

15 L.zB

20 1.18

TZTTZT
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T - tilled; ZT - zero tilled

I .05

L.25

r.20
r.24

and 22). Actual bulk density values obtained \^rere not as useful as the
measurement of relative values ín comparíng the various t.reatments, alt-
hough they díd serve as an lndícation of compactíon in themselves.

4.6 . OXYGEN DIFFUSIOI{ RATE

4.6.I Homewood clav loam

Oxygen diffusion rate (ODR) was measured during periods of excessive
soil moisture, r^rhen aeration rvould be limiting to plant growth. LimiÈ-
ing levels of ODR according to Stolzy and Letey(1964) r âs measured by

the plaEinum electrode apparatus occurred under both tillage systems.

The greatest dífference between tillage treatment.s \¡ras found near the
surface at the 2.5 cn. depth (Figure 26), where the conventional r¡ras

considerably higher Ín ODR than che zero tílled. AE the 5 cm. depth,

0.97

r.24
r.25

1 .30

I.07

1 .33

r.24

r.26

0.85

L.20

t.20
r.28

ZT

0 .87

1.15

1.31

r.25



reaclings talcen throughout the season

was less able to supply oxygen to the

depth (Figure 28), the zero tílled
the season.

The difference found at the surface could have been due to greater

compaction (Table 25) or by the relatively higher moisture content on

Èhe zero tilled soil (Figure 17).

In the deeper layers, structural differences may have caused the bet-
ter aeration under the zero tíll sysLem. At these depths, the zero

tilled soíl was quite different structurally from the conventional, for
it had stabilízed into srnall, blocky aggregates, having many natural

cracks for r^rater and oxygen movement even under wet conclitíons. The

conventional, on the other hand, had little strucEural development.
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showed that the zero tilled soil
roots (Fígure 27). At the 10 cm.

soil ¡n¡as hísher in ODR for most of
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Chapter V

CONCLÏ]SIONS

The future of zexo tíllage on the Canadían Prairies depends to a

great extent on the acceptance of it by farmers. All índications point
torvard the feasibllity of using the system in this climatic area. The

more j-nnovative farm or¡rners have already shortrn that zero tillage ís an

acceptable íf not superíor sysËem which can be adopted totally or along

r^rith conv-entional tíllage practíces now rrsed. Concern over rising fuel
costs as well as deteríorating top soil conditions has led a few farmers

ínto toÈally abandoning conventj-onal tíllage in favor of zero till meth-

ods. In thís, the farmer is more advanced Ehan the researcher, for he

has had to ans\der many of his own problems as they occurred.

Our study ínto soíl moisture and t.emperature revealed that zero tíL-
lage could not be considered separately from the three sÈrarrr management

practices used. If the strarirr rras scattered on top of È,he soil ín the

fall, lower soil temeratures (Fígures I and 2) and increased soíl mois-

ture (Figures 17 , lB and 19) were {ound the following spring' Tf the

stravr was removed, soil temeratures were similar or higher under zero

tillage (Fígures 6 an<l.7) and moisture tended to be greater (Figures 21

and 22). Straw burnÍng produced siuilar temperat.ure (Figures I and 9)

and moisture trends (Figures 23 and 24) on conventional and zero tillecl
soils.
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Llinter tenperatures $rere found to 'oe consíderably more favorable Èo

the survival of wint.er wheat under zero tilJ-age (Figures l0 and 11).

This índicated the possíbílíty of Íncreasing winter wheat acreages on

the Prairies, just by changing tillage methods.

. In one case, higher soil temperatures were found under a mulch cover

due Eo the unique microclimatíc facËors which existed (Flgure 4).

Predícted days t,o emergence for various crops based on â regression

equatioir study failed to show any slgnificant differences due to Ëhe

straw-tillage practice. No significant delays rvere found in emergence

of cereals and oilseed crops. Corn shor¡ed a sma1l delay of 2 to 3 days.
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A greater delay in development to Lhe 6-leaf stage was pre<licted. I{ore

reasearch is required to investigate the use of zero tillage for corn

produetion. At this point, stra\,/ removal should be recommended for corn
production to prevent low soil temperatures. Cereal stra\"r could be put.

to good use as bedding for livestock.

Hopefully, this study rvill have helped Eo answer a few questions,

although at Èhis point, it has created a more. trlork needs to be done on

soil strength and compaction on silt and clay soils. Root distribution
patterns should be investigated. Possible phytotoxicity of st.rarv resi-
dues should be studied to determine if this night be a deterrent Eo zero

tillage product.ion. As well, germínation and emergence as related to

1o¡¿ soil'temperat.ures need to be closely examined, keeping in rnind that
Èhe .erop breeder could be a valuable asset here.

' Innovation seems to be the key behind Ëhe farmers r¿ho have tried and

succeeded wíth t,he zero Ëill system. Zero tillage does offer a few very

significant advantages to the farmer, inclucling reduced time on the

field, reduced labor and fuel costs, higher soil moisture, and decreased

soíl erosion. It is up to the agricultural researchers and technicians
to fully evaluate the zero t111 method. There is no better time t.o pro-

mote soil conservation, for zero tíllage now makes it possible to sepa-

rate the farmer from his plow. This alternative exists.
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SU

STqll
.tt u

ST
S'J
RU

ST
SU
R'-l

ST
SU

2

2.5 cm

?

14.!+
13.2
t3.9

92

5.0 cm

L

16.3
14.6
t5.5

Lg.5
!7.?_
'ìq'r

I8.7
L7.D
18.1

20. l+

18. !+
to L

¿L.!
Lg.3
étJ.>

14.2
12.8
13.6

LO.¿
1l|.2
t5.2

13.8
L2.3

15.r)
8.r)
r+.2

18.1+r( R

1A '7

Þ

2C.C cn

to I
15.7
17.9
'rq o
16.9
t7.9
20.c
1Ê 

^10 
^

20.8
L-1 oL
é'J e L

18. t
18.8
19.6

7

12.6
11.1
11 .7

1l+. ?
12. !¡
L2.g

.ìA Â

1\.5'r( ,1

19.6
l.6.2
1?.0

lstraw scettered convertional-Iy t111ed

2straw scattered zetro tllled
ðstnar¡ rernoveC zero tllled

18.9
16. B

17.5

1,9.1
17.4
18.0

2).C
1Q ?

L'1 o!I

r3.5'ìq 4.

]-9.2

19.C
L'1 o'J
lo o

l6 .3
IA A

19.0
l" o
1a (

18.1
lR 2

18.7



AVERAGE }JEEKLY SOTL TEi"fPE.IA?5RES (O3)

GRAYSVILLE, L979 [eontlnue'l )

WE!K TR9AT:'fE]\IT

c

t

10

11

s1
SU
RTJ

ST
sû

ST
SU
RT

ST
SU

2.1 en

1A r
13.h
19.0

16.7
1?.1
17.3

r-5.8
16.3
1A L

93

l.O cm

L7.g
1P. r
18.6

1A .7

L7.o
17.3

10.0 cm

!7.5
17.g
18.3

'rÁ (
16.9
17.2

15.7
16.1
16"3

13.8
th.5
1l+.9

13.'l
1l+.5'ì1, o

15.8
16.3
rA L

20.C em

1? ì

lR rl

1A A

t? ô

1( .?

1A 
^LA.¿

1l¡. O'tt, (
1l+. ç

13.8
l!+.5
1l+.9



AV9RAGE VT9IIçLY SOIL TE:{PERATf,R:S (O^ì

sA\¡'cRD, 197g

VTEEK TREATI,TTYT

t
tsü
tRU
¡sr
rBT

hT
Itu

2

2.j em

14.0
t9.7

t5.J
:5.u

16. h
18.0

i"n
'rq 1

19.0
20.7

¿'J.LL

?0.3

22.O

?3.0
23.3
22.6

SU

QM

BT

5u'

òU

ST
BT
RT
IJU

qTr

.rtJ
ST
BT
RT

94

$.Q en

3

t3"7
L5.2
1!+.8
1l+.\
13.9
I'.7
l.5.9
17.\
17.1
16.9
t5.8
L7.3

18.7
19.9
lg.7
rg.7
18.3
20 .1

21.3
?2.!+
22.7
zZ.3
2r.5
22.1+

10.0 cm

12 .8
13.9
11.9
t2.7
t3.2
13.8

r( r
16.?
11, ?

15.3
t5.5
'tA,

ì" Ê

18.8
17.C
13,3
t7.9
13.9

20.0
20.8
L9.5
20.8
20.5
2t.I

4

2'J.0 en

11 .3
12 .3

IU.O
1l ñ

13.9
1! .8

13.6
L).'1

16 .3
17.2

16.l+

1t'3
ìq ì

18.9
r3 ^LJc-1
L9.7

ls tra.,¡

¿s tr ¿r '^¡

¡s trsu
tstraw

ts trgw
ós tnaw

seattereC zero tllLed
nernoveC zero tilled
scattered tilled
burned tlILed
removed tl1led
br¡¡ned zero tlLled



AIÆR.A3E WEEKLY SOTL 19I,1P].?,ATLIRE] 
,Oì.

SA\FORD, 1979 (contlnue4)

w:-r. À TREATVFìIT

slI
NU
ST
BT
RT

.tf. I J

ST
BT
R?
BU

ST
Rì'
ST
BT
RT
DU

S5
RU
ST
3T
R1
BLI

6

¿.> cm

:t.,
20.2

20.0

?o.s
zr.7

95

!.C en

f 9.1
19.8
20.3
¿tJ .t)
lc o
tg.5

t9.7
20.7
t'ì I
¿!.Y
2]-.c
2C.5

lC.O en

1t.k
L'7tL
j.9.7
ìÂ o

18.3

19.2
19.J-¡
L9. )
2C.7

1g.h

1'] 
^ìt L

1,3. D

18.É)
1q ?

!7.?

I

2O.O en

t7.5
ìA 1

ia. ç

lr.5

1'7 '7

Iu.'

Ilo1
ì Q r.

io ,

I" L

ì" R

17.4
1 9.1¡
18,3
'lc 2

r8,6
1'? Ë.

rr.6
t5.7
1L )

:'.'

15.3
15.9
1t A
'rÁ L

16.11
14.0

l l, 
"

.L,ll . Y

'lt '7

lÁ al

l( r
r? <



Volumetnle 1.Iater Content (f "f the Zero Tll1ed
SoiL at Homewoorl , 19783

N
o-r5

L9-30

30-t+5

l+5-60

60-75

75'so

90-r05

Lo5-tzo

llr Jun

3;l..oo

!r'2.13

lr 3.bO

ìt2.73

!r I .73

3g.ho

16.l+0

j? 
"13

5 Ju1

36.6t+

39.87

38.33

l+o.67

39.87

39.O0

:u'"

13 Ju1

3:-7.o1+

l+r.t3

37.93

39.0O

Iro .3 3

3 8.80

37.60

31 .87

rÌ,!easrrre,l by tho ner¡tron
t cluo' loar¡ s oil

1B Jrrl

3 9.hl
l+7.0O

l+3.1+0

l+0.33

4o "20

39.73

35.117

3l .27

26 Jul

32 "68
1t3.67

39.87

38ð3

38.67

38.o2

35 "oo
?9.60

3 Aug

28.I9

42 "L3

J7 "60

36.87

37 "73

36 "LO

31 .87

2 9.1¡0

17 Aug

nol s tr¡re me ter ne th od 
"

23.3O

38.31

34"73

37.1+7

34.00

32.60

27.L3

27.33

\o



Volunetr.lc t¡Íater Content
Tillecl S.oiI at

(cn)

o-15

t5-30

30-4t

I+5-60

60-75

75- ,ao

90-105

to<- r20

th Jun

I rr.a5
I

l+7 "73

h3 "2o
l+l "27

l+r.53

lú.53

39.00

_38"3j

-(í)' ot the_ Colyentlorelly
Homowoo.l , L97B:

5 Jr¡l

33"73

J9.27

3B.Bo

38"53

40 "lt 7

41 "53

:o'tt

lJ JuI

3I.13

38.20

J6.87

36.h0

39.60

hl.llO
t+L "27
t¡2 ù7

ltÍeasr¡rea by the

"cl*o loan soil

18 Jrrl

!4"17

55 "zo
l¡0. B0

36.27

39"00

42 "L)
3 B.2o

J7 "OO

26 Jul

27.92

LtL.27

3 7.oo

31r"13

36 "53

)e"87

36 "67

)5 "2O

neutron molstr::re moter nethod.

3 Aus

24.49

3 9.87

36.O7

33.O7

35 "t+7

39.1¡O

36.67

34.1 3

17 Aug

21 .18

36.1+0

33.53

30.2O

3r.r3

35 "93

34.00

30 "80

\o\¡



\ Date
Depth\
(c¡n) \

o-15

r5-30

30-t+5

45-6o

60-75

75-90

90-10ç

LOt-L20

Volur¡etr1e l¡laten Content (y'")L ot
Soll at Gnaysvl1le,

5 ¡ut

'\O.56

2t¡.Bl

23"2o

20.80

21J,.87

33.53

36.67

3 9 "l+0

ll Jul

20.39

2l+.60

24"h0

20,93

2lt.l¡o

3f+.00

36.67

40.80

18 Jul

lMeasuneJ by the ncutron mol-strre meter methorl .
zsandy loam textu¡e

'3"1ow nFìnRe of cal-ltrration er¡rve.

2l¡. B8

)3.20

29"60

2l+"27

2l+.87

33.67

)6 "27

39.40

26 Jul

tt¡ø Zøro Îtl]ed
L978?

t6.16

25.1+7

25,93

2L.53

22 "27
29 "27

)2.3J

3 9.1¡O

2 Aug

ll+.98

2).OO

23.67

19.87

2L.O7

28.80

30.67

38"ã)

11 Aug

L3"65

18.33

2L.53

2r.87

20.00

?7.73

2¡"30

3E "2a

l/ Aug

13.39

18"07

?o.g)

18.67

19.87

26.67

28.33

3J.BO

22 AW

L3"39

L7.l+7

20 "33
l8 "33
20"3J

26.53

27 
"l+7

32.1+7

24 Ar\q

L5.64

17.00

20.60

18.33

L9.73

26.27

27 "L3

32.60

29 Aug

18.94

2L.O7

21 .o7

r8.53

L9.73

26.67

2?.47

32.,r7

\o
co



t{"
0-15

15-30

3o-l+5

,+5-60

60-75

75-90

90-105

105-120

Volumeùnie þlater Content
Ttlled Soil et

5 ¡ur

2r.84

2.1.L0

20.l+7

20.33

22 "73

J3.r3

35.20

41,1{.0

13 Jul

23.3O

22.oo

21 
"hO

20.20

23.O7

33.33

35.33

\1.27

18 Jul

(f,)t ot t'he Conveltlonally
Graysvtlle, L97B:

29.3?

30.g)

26.27

21 .l+O

23.O7

33 '2o
3l+.73

l+0.80

tMeasured by the neutron moLsture meter method.
¿sanrly loarn texture

26 Jul

18.01

23.53

2 3.80

20. B0

23.o7

)2.47

37.oo

[2.O0

2 Aug

16.16

18.07

20.93

t9.73

23.r3

)2.33

35. BO

hO.l+7

1l Aug

1l+.45

15.60

15.8o

17.00

22.L3

30.l+7

34"27

38.33

17 Aug

1l+.58

13. BO

15.00

l.6.67

20.60

29.L3

33.8o

37.OO

22 AW

Il+.31

13.07

Il+.27

15 "80
20.33

28'33

32.33

36.53

24 Aw

rh"5B

13 "20
13.80

L5"zo

l.9.73

28"])

3L.67

36.27

Ë9 Au8

2L.O5

L6.O7

LI+"53

Lt.l+7

20.93

28 '20
32.L3

35.80

\o
\o



1

Sof.l Temperature^ down to 150 cm on the Stravr Scattered Zero Tt1led Treatment' Graysvllle' 1978

Date

L4l06
20106
22106
27 /06
29 /06
osloT
06/07
tLloT
L3l07
r8107
201o7
26107
27 l07
02l08
03/08
08/08
11/08

'I l-me

1505
1120
1300
1600
1330
1130
1050
1100
L230
1115
1020
1170
1120
1100
1100
1300
1415

2.5 cm

29.4
16. 0
26.4
29.2
30.5
2L.2
2L.3
18.1
2I.3
22.O
20.3
24.1
22.9
L7 .2
19. 6
25.5
33.4

5.0 cm

26.4
15.1
23.8
2t.3

': '

''-.,

-

10.0 crn

1 
""k.r, 

by uslng a porteble poteritÍomeÈer

Soll Temperature (oc)

2L.9
t4.2
19.2
23.2
)) 7

L9.9
18.8
15.6
18 .8
18.0
L7 .7
20.5
t9.7
16. 9
15. 4
20.7
23.3

20.0 cm | 50.0 cm I 100

16.0
13 .9
16. 0
18.0
18.3
19.0
19.0
15.3
19. 0
L9.1
r7 .2
20.o
t9.4
18.0
t5.7
19. 3

20.4

15.1
14.5
15.1
15.1
16.1
t7.t
T7 .L
15.0
r7.o
L7 .6
L6.7
18, 9

18.9
18.0
L6.7
1e )
18.7

ucm

2.6
1.6
2.5
2.6
3.0
2.9
3.0
3.0
3.0
q.r
3.8
5.7
5.6
5.1
5.0
q?

6.L

1

I
1
1
1
I
1
I
1

1
1
1

1

150 cm

9.6
9.2
9.8

10. I
10 .4
10.3
LO.2
10.9
t0.2
11-.6
11.3
L3.4
13.2
13.3
13.1
L3.2
74.3

1

1

1

H



So11 Temperature 1 down Eo 150 crn on the Strahr Scatrered Conventionally Tflled Treatment, Graysvllle, 1978

Date

14l06
20106
22106
27 106
29106
osloT
06107
ru07
TJIOT
L8107
20107
26107
27 l07
02l07
03107
08l07
rrl07

Tlme

1505
1120
1300
1600
1330
1130
1030
1050
1010
1115
1020
L110
LLz6
1100
1100
1300
L4L5

2.5 crn

27 .9
L6.7
26.4
29.3
32.5
22.7
21.r
19.9
2I.L
22.9
19.0
26.O
24.9
19.6
2I.O
27 .8
36.5

5.0 cm

24.6
14.6
23.2
26.6
28.3
20.9
L9.9
L7 .2
19. 9

20.7
17 .8
22.8
2r.l
18.2
17 .9
24.2
30.4

10.0 cm

I-Taken by uslng a portable poÈenÈloneter

So11 T

20.2
L3.2
18.9
23.2
24.3
20.o
19. 3

1s. 6

19. 3

L9.3
L6.4
20.6
19. 3
L7 .6
15.9
2L.9
26.3

ernperature (oC)

t(r

16
13
16
18
19
18
18
L5
18
19
L7
20
19
18
15
20
22

50.0 cm

ls.4
L4.4
t4.6
L5.3
1,7 .2
16.9
L7 .3
15.3
]-7.3
L7 .3
L7 .4
18.7
18.7
18.3
16.8
]-9.2
L9.7

L2.2
11.3
tL.7
13. 0
L3 .6
L2.8
13.0
13.0
13.0
13.9
L4.s
15.3
15.5
15.5
15.0
16. 3
16.8

150 cn

9.2
6.t
9.4

10. 6
11 .5
10. 5
10.4
11 .0
l0 .4
11.3
Ll .7
13.0
13 .1
13 .1
13.1
14.3
14.7

H
H



Defe

Soll Temperature'dorn¡n to 150 cm on Ehe Straw ScatteredTreatment, Gtaysvill_e, L979

L7 lO7
24107
3L/07
09/08
14/08
2rl08
28108

Tlme

1030
1140
1150
1050
IL22
1120
1050

2.5 cn

19.3

':'

20. 0

5.0 cn

L8.2
22.O
18.8
19.7
16. I
18.3
20.0

ZERO TILLED

10.0 cn

16. I
20. 0
16. 5

L7 .6
13.8
17.8
17.8

So11 Temperature (oC)

20,0 cm

16.4
19.3
L6.9
17.0
L4.4
17.8
17 .2

Taken by using a portable pot.enLiometer

50.0 cm

CONVENÎIONÂLLY ÎILLED

1s.6
17 .5
76.6
15.8
15.2
17 .2
15.6

10.0 crn

100 cm

16.9
2L.2
t8.2
t7.6
15.0
18.3
18.3

L3.2
l.4.3
14.3
14.2
14.4
15.0
14.4

Soll Tenperature (oc)

150 cm

16.6
20.2
1a 1

16. 8
14.4
18.3
17.8

10.8
L2.L
12.3
12.3
13.3
13.9
13.3

50.0 crn

ls.6
18.4
17.0
15.5
16. 1
17 .8
ro. /

100 cm

L3.2
15.1
L4.9
13.8
14.4
15.5
14.4

10. 7

L2.7
12.8
L2.2
13.3
13 .9
13.3

H
N)



Dete

1
SoLl Temperature* dosm Èo 150 cm on Èhe Stra!¡ Removed TreaÈment, Graysvflle, 1979

ZERO TILLED

17 l07
24107
3uo7
09/08
14lo8
2Ll08
28108

Tlme

1030
1130
L2LO
1030
1130
TLTZ
1100

2.5 cm

2L.4
22.4
18. I
1,2.8
15. 0
23.3
20.0

5.0 cm

Date

19.5
2L.4
L7 .5
11.4
L4.4
18. 9
18.3

L7 lO7
24107
xLl 07
09/08
14/o8
2rl08
28108

10. 0 crn

TLme

Sofl Temperature (oC)

18.3
20.2
16.4
10.2
14.4
17.8
17.8

1030
1140
t_2 05
11 25
LLz5
111-5
1110

20.0 cm

2.5 cm

1 T"k.r, by uslng a portable poÈenElometer

17 .4
19.3
15.8
09. 0
14.4
L7 .2
17.2

26.2
23.9
20.9
16.3
17.2
20.6
22.8

50.0 cm

5.0 cm

CONVENTIONALLY TILLED

23.2
22.2
19. 6
14.4
16.7
20. 0
2L.l

L6.9
17.8
16.1

7.8
1_6. I
L6.7
16. 1

10.0 cm

100 cm

14 .5
14 .8
L4 .8
6.0

15.0
13.9
14.4

19. 0
19.7
t7,4
r.1.7
t4.4
18.3
17.8

Soll lernperature (oc)

20.0 cm

150 cn

12.2
L2.4
12.7
4.6

13.8
13 .3
13.9

L7 .2
18.8
17.3
10. 5
14.4
18.3
17 .2

50.0 cm

]-6.7
L7 .7
17.8
9.5

16.1
L7 .2
16.7

100 cm

L4.2
14,7
15.8
7,3

15 .0
14.4
15 .0

150 cm

1l- .8
L2,3
13.6
5.8

13.8
r3.3
13 .9

(,



Date

Soll- TemperaÈ,rt. ldor¡ to 150 cm on Ëhe SËraw Burned Treatmentr Graysvllle, 1979

ZERO TILLED

17 l07
24107
3Ll07
09/08
].4l08
zLl08
28108

11ne

1030
1150
1200
1100
L620
L123
1020

2.5 crn

2L.2
23.8
19. 0
19.9
17.8
20.o
22.2

5.0 crn

Dete

L9.6
22.6
18.0
18.6
16.7
t9.4
20.6

10.0 cn

17 lo7
241o7
37107
09/08
14 lo8
2Ll08
28108

Sofl Temperature (oc)

Tine

L7 .2

20.0 c¡n | 50.0 cm | 100 cm

1030
1140
1155
1100
16L5
1130
1015

2.5 cm

16.0
19.0
L5.7
t3.2
l4.4
17 .8
11 '.)

I
Taken by using a portable potentiometer

2t.9
24.6
24.4
22.L
20.6
2r.l
25.6

5.0 c¡n

CONVENTIONALLY TILLED

L4.4
L7.3
L6.2
11.3
L5.6
L7 .2
16.1

t9.6
22.5

20.3
18. 3

2L.T
22.2

L0.0 cm

13.4
14.0
14.4
10.1
L4.4
15 .0
L4.4

L7 .6
20.8
18.2
18.6
16. I
20. 0
20. 0

Soll Temperature (oc)

150 c¡n

20.0 cm

11 .1
11 .9
12.tl
8.8

13.3
13.9
13 .3

t6.2
L9.6
16.6
18.0
15.0
18.9
17 .8

50.0 cm | 100 crn | 150 cm

1s.3 | 13.0 | 10.1
L7.6 I 14.3 | 12.0
16.8 | 15.1 | 13.0
L6.3 | 14.6 | L2.7
16.7 | r4.4 | 13.3
r7.8 | ls.o | 13.e
16.7 | 1s.0 | 13 .9

Ho
F.



Soll Temperature ldoorn to 150 c¡n on the Straw Scattered Treatment, Sanford' 1979

ZERO TILLED

Date

L7 l07
2t+l07
3LlO7
L4l08
2r/08
28108

Time

So11 Temperarure (oc)

1 335
1450
1400
1410
1 340
1410

20.0 cn

I T"k.n by uslng a portable potcnÈloneter

2.5 crn

17 .8
19.3
16. 5
L4.4
]-6.7
17 .2

29.9
29.5
28.3
16.7
21.I
26.L

5.0 cn

27 .5
27 .8
25.6
16. 1
20.6
22.8

CONVENTIONALLY TIÏ"I,ET)
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150 cm on the SElar^r Removed TreatmenE ar Sanford, 1979.
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So11 Temperattrr" ldo"rr to 150 cm on Èhe Straw Burned Treatment at Sanford, 1979.
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The calculation of the regressÍon equation relating rapeseed emergence

Eine to soil temperature

X = temperature (oC) (maintained as constant for D)

1

Y = ^/days to emergence

D = days to energence

T = temperature at a given tíme
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Regression coeffient = D =

b= r,37xro-2

y = a+bx

.1864s3 = è + (1.37 x 1o-2¡ (14.08)

ê = -.016307
1/o = -.otogo7 + 1.gz x to-2 (r)
17n = r.37 x Lo-Z (r - .0r-6307 lt.tl * to-2¡

1/o = r.37 x Lo-2 (r - 1.19)

When 1ro = 1 emergence occurs
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