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ABSTRACT

Robert. John, M.Sc., The University of Manitoba,

and Crop Resi-I983. The Effects of Stubble Heioht

the Survival and Growth of Vrlinter Wheat ( Triticum

aestivum) in Manitoba. l4a jor Prof essor i Dr. F. Schwerdtle '
Department of Plant Science.

The greatest barrier t.o successful winter wheat produc-

tion in Manitoba is winter-kill. Research has shown that the

chance of survival is improved if an adequate snow cover is

maintained through the winter. This is due to the insulative

properties of the snow. Standing stubble has been shown to

be ef f ect ive in trapp ing and hold ing sno\^l.

The stubble height experiment was carried out for two

seasons . Winter wheat, C. V. Norstar, $tas seeded into barl-ey

stubble in early September. The crop v/as seeded into chemi-

cal Summer fallow, conventionatly tilled stubble, and stand-

ing stubble that was 7.5, 15, and 30 cm high.

SoiI temperatures l¡lere monitored daily, and snoï¡ depths

of the plots were recorded on a weekly basis throughout the

winter" There \¡¡as a significant difference in sno\^¡ depths

between treatments, lrut this vtas not ref Iected in a dif f er-
ence in winter survival. This could be partly attributed to

the mild winter in 1980-81, and to increased snor^t retention

on all plots due to deep (S cm) drill furrows and the pre-

sence of volunteer barley in t9B1-82 " Snow dept.hs had a

significant effect on soil temperature.
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Snow depths had a significant. effect on the depth of

ground frost penetration, but had no substantial measured

effect on the rate of downward retreat of frost in bhe

g round .

The only marked decrease in survival v¡as due to water

ponding in the spring. This caused the death of some plant.s,

primarily on the conventional tillage plots. The chemical

fallow treatment showed an increase in dry matter over the

other treatrnents. There l¡rere, however, no signif icant

differences in yield between treatments in either year.

Additional experiments r¡rere carried out to find out if

rates or types of crop residues possible with zerro'tillage

had adverse ef f ects on the winter wheat. Plots \¡¡ere seeded

into 15 cm stubble, and barley straw vras applied at rates of

1500, 3000, and 4500 kg/ha. Winter survival was not affec-

ted, although plants under the higher rates vrere smaller and

fewer in number. In a separate experiment,, rapeseed straw

had the least. effect on wheat. survival and growth, when

compared to barley or winter wheat straw" In all three

caseS, advèrse ef f ects ldere more noticeable at higher raLes

of straw mulch.



INTRODUCTION

Winter wheat has been successfully produced on the

Canadian prairies for over 70 years, but has been limited to

southwestern Alberta and the extreme southwestern part of

Saskatchewan, due to moderating influences on the climate in

these areas. In other areas of the Canadian prairies, winter

wheat Ìras proven to be unreliable due to the frequency of

winterkill (crant et ê1., L976) .

With the introduction of zero-tillage as an alternate

management system, there tras been an increased potential for

the expansion of winter wheat production into areas previous-

ly unsuited. With the use of zero-tillage, ârI insulating

blanket of snov¿ is trapped by the standing stubble, which

protects the crop against lethaI temperatures (Aase and

Siddoway, I9B0). In addition to this, the insulation provid-

ed by the snow reduces the depth of frost penetration. This

reduction results in a greater retention of the latent heat

of crystalization of water within the soil, with a correspon-

ding lack of need to replace it from the ambient energy

supply during the early part of tl.e growing season (Sawatzky,

I9B3). These factors are very important in the introduction

of winter wheat to areas in which it was previously impracti-

cal to grov/ it. T'his is true, both for reasons of moisture

retention, and for modification of temperatures in winter and

spring.
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The production of winter wtreat presents the grower with

the prospect of a number of benefits. Winter wheat has dem-

onstrated a higher yield potential than spring wheat, in part

at least, because of its greater utilization of fall and

spring moisture. It is a superior competitor vis-a-vis

annual weeds, due to its early spring growttr. FalI seeding

and early maturity and harvest spread the workload for the

farmer. Winter wheat also minimizes the effects of insect

problems due to its advanced growth in spring (crant et â1.,

L976). It also provides some measure of erosion control

throughout winter and early spring, especially when grown

under conditions of minimal soil disturbance.

Zero-tiIIage production of winter wheat has produced

results superior to those generally obtained with convention-

al tillage practices in Montana (Aase and Siddoway , Ig7g,

1980; Black and Siddoway, L977). The objective of this study

is to help determine the optimum stubble management system

for winter wheat production in southern Manitoba.
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LITERATURE REVIEW

Zero-TilIag-e

Plowing or similar deep tillage operations have been a

part of the more advanced cropping systems for centuries.

Recently, both researchers and farmers have been quest.ioning

this practice, because of ttre expenses involved, both in fuel

costs and, most importan'L1yr in the erosion of soils. These

factors have led to the introductíon of a cropping practice

known as "zero-tillage". The term "zero-tillage" is used to

designate a tíllage systern in which the mechanical soíl mani-

pulation is reduced to that caused by incidental traffic and

seedbed preparation only (Baeumer and Bakermans, L973), or a

systern in which a crop is seeded into a non-disturbed seedbed

with a minimum of soil disturbance, and chernical weed con-

trol, if necessary (Donaghy, J-973) .

There are several advantages to this method of cropping.

There may be a reduction in labour and energy. More impor-

tantlyr an improved soil structure, such as that found under

sod, where organic matter accumulates at the surface, stimu-

Iates aggregate stability (Baeumer and Bakermans, 1973), and

reduces the risk of soit erosion (Aase and Siddoway, 1980 ) .

This soil strucLure should eventually provide optimum condi-

tions both for plant growth and the necessary traffic on the

fÍelds (Baeumer and Bakermans, 1973).
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SoiI Structure

Zero-tillage results in a changed soil strucLure. In

England, Finney and Knight (I973) noted that a plowed soil

had a lower bulk density, more pores of a size suitable for

root extension, and that the soíl was more malleable. Con-

versely, Bauemer and Bakermans (I973), cite CzeSatszki and

Ruhm (I97I) who found that zero-tiltage caused a decrease of

large air filted pores (diameter >30 ym) which reduced aera-

tion of the soil. However, cultivations decreased the

continuity of the soil pores, and the increase in porosity

\¡/as often only temporary (finney and Knight, 1973). The

undisturbed soil may be more dense and firm, at the same time

having a more stable crumb structure than cultivated soil.

This friabte crumb structure in the upper horizons prevents

slaking and crust formation during rainfalt (Baeumer and

Bakermans, 1973). It has also been noted in West Germany

that zero-tilled soils harbour a grea'Ler population of

earthworms (Schwerdtle, f969). Zero-tillage also helps to

eliminate a compacted plow pan in the soil, although Wilhelm

et âI. , ( 1982 ) , in studies near Lincoln, Nebraska, stated

that root function may not be seriously impaired by a plow

Iayer, due to an excessive number of roots. The greater

density of zero-tílled soils increased the resistance to rooL

elongation resulting in more lateral branching (ninney and

Knight, 1973).
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SoiI l¡1o i s ture

one of the benefits of zero-tillage is the increase in

available soil moisture, especially at the surface. In

Kentucky, Blevens et â1., (1972 ) found no tillage treatments

had higher volumetric water cont,ents to a depth of 60 cm

during most of the growing season with the great.est differ-

ence occurring in the upper B cm. zero-tilled soils, when

compared to conventionally tilled soils of the same water

content, generally had a lower soil water tension, due to an

increase in organic matter. This resulted in a smaller

resistance to water uptake by plantsr âs well as higher con-

ductivity (Baeumer and Bakermans, 1973). The zero-tilled

soils also tend toward a more uniform distribution" of water

in the soil profile, being wetter at the surface' (Blevens et

âI.,1972) and drier at a depth than plowed soil (Finney and

Knight, 19731. The reason for this may be due to the stubble

mulch. In Manitoba, Gauer et al., (1982) found the largest

moisture savings in zero-tillage early in the season, when

the bulk of moisture loss 'r^tas evaporative. The greatest dif-

ferences oicurred in the surface horizons, indicating t,hat

more moisture would be available for germination and seedling

establishment. At the same time, there is less danger of

waterlogging the soil. Decomposing rooLs and improved struc-

ture provide channels for rapid infilLration (Baeumer and

Bakermans, 1973). These factors help prevent extremes of

dryness and moisture in the rooting zone. Aase and Siddoway
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(1980), ín Montana, found tl.at most soil water recharge and

extraction took place inthe top 75 cm of tl-e soil profile.

Snow retention by the standing stubble is a means of in-

creasing the avaitable water in zero-tilled soils. This is

important in areas of dryland farming on the northern great

plains (Wiflis et aI., 1969). In studies near Swift Current,

moisture was retained by stubble land due to faster thawing

of the ground (Staple and Lehane, L952), possibly due Lo

decreased frost penetration, as well as a decrease in evapo-

rative cooling (Sawatzky, f9B3). V,fillis et aI . (1969), found

that as standing stubble height increased, the snov/ melt

began at an earlier date and proceeded at a faster rate. The

reasons given v/ere 'bhat the st.anding straw conducts heat into

the snowpack, intercepts and absorbs more solar radiation,

reflects solar energy onto the soil surface, and decreases

convective and evaporative cooling. Vüillis et al. (1960)

found that spring runoff tends to be less from a dry soil,

because frozen moisture is not present to an extent which

inhíbíts infiltration. In Montana, Black and Siddoway (L977)

found that 38 cm stubble trapped a water equivalent, in the

form of snow, four times as great as that retained by bare

soit. Aase and Siddoway (I980) found that 35 cm stubble

trapped water equivalent 2.5 times that achieved by bare

soil; In both cases this resulted in significantly higher

soil-moisture leveIs in spring.
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Soil T rature

The temperature of the soil depends upon numerous fac-

tors, both internal and external. Internal factors include

thermal conductivity, water conLent and related heat. capaci-

Ly, and gaseous contenL of the various horizons (Baeumer and

Bakermans, L973; Crawford and Legget, 1957; WilIis et êI.,

f960). External factors include ground cover, precipitation,

racliation, and general air exchanges (Crawford and Legget,

1957). fhe amplitude of diurnal and yearty fluctuations

decreases with increasing amounts of ground cover. The lag

in temperature also becomes greater with depth.

Gauer et aI" (1982), found zero-tilled soils were 0.5"C

to 2.0"C lower in temperature than conventionally tilled

soils and zero-tilled soils from which the sLraw had been

removed. This resulted in fewer degree days above 5oC and

IO"C at the 5 cm depth level tluring the períod from May 4th

to August 7th. Smika and Greb (f973) found similar results,

and attributed this to the insulating effect of the straw

mulch on t-lne surface. Similarly ín Oregon, Russelle and

Bolton (1980), found temperatures during the fall at 5 cm

wer:e L-2"C warmer under bare fallow ttran under stubble mulch.

Soil temperatures are depressed as the rate of mulch increas-

es (Anderson and Russel, L964), because of the insulation and

also because the bright straw reflects sunlight. Increases

in ref lection \À/ere found by Anderson and Russel (L964) , to

occur up to about 4,000 t<g/ha, ât whích point fult ground
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cover v/as achieved. When sLraw is removed., the temperature

on zero-tilled soils may be higher than conventionally tilled

soils, due to improved treat flow wittr the greater bulk den-

sity (cauer et âI., 1982). Aase and Siddoway (r980), found

wind passage at 9 cm heiEht to be 5.5 times greater over bare

soil than over 30 cm stubbte. The 5 cm air temperature in

these treatments v¡as 2-3oC higher in the 30 cm stubble when

compared to bare soil, suggesting that the reduction in tur-

bulence conserved heat.

During the winter, ttre temperatures of zero-tilled soils

are most often v/armer than those fiel<ls that have been t.il-

ted. fhis is due to two factors, namely the surface trash

and the trapped snow. During the fall, in Montana, Aase and

Siddoway (L979) found temperatures at the 5 cm depths to be

4-5'C warmer under standing stubble than under bare soíl'

The stubble also reduced diurnal fluctuations, with 35 cm

stubbte having a greater effect than 19 cm st.ubble (Aase and

Siddoway, I9B0). The mulch also helps prevent evaporative

water loss, and this extra moisture could act as a heat

reservoir, enhancing the insulation of the straw (Hay, L977).

During the summer of 1975, in Montana, Black and Siddoway

(lgll ) found the average soil temperatures a'b. 5 cm depth to

be significantly lower for 2A and 38 cm stubble heights when

compared Lo 15 cm stubble and to bare soil. This was for t?re

24 day period from May l4th to June t0th.



9

The insulating value of snow is important in determining

winter soit temperatures in zero-tilled soils. Many resear-

chers have found increased soil temperatures under snow cover

(Crawford and Legget, 1957 i Gauer et â1., I9B2; lViltis et

â1. , 1960; Willis et êl . , 1969; lrlorzella and Cutler , I94L) .

As soil depth increases temperatures increase (Ximnatt and

Salisbury, l97L; Crawford and Legget, L957), especially dur-

ing the cooling phase. Snow cover also moderates the diurnal

temperature fluctuation. Aase and Siddoway (1980), founci

fluctuations of l5oC under bare soíI, wtrile nearby plots

under 10 cm sno\¡/ fluctuated by only 2"C at the 5 cm depth.

Snow depths of I0 cm or greater effectively block diurnal

variation in temperature. Moisture levels also affect fteez-

ing patterns within the soil " Soil which v/as dry in fall

f.roze faster and deeper than a wet soil (WiIIis et âI .,

1960), due to a smaller reservoir of latent heat in the soil

(Sawatzky, 1983). Dry soil thawed from the lower deptÏts,

while wet soil thawed both from the top and the bottom

(witris et âI., 1960). The reduction in heat loss also

Iessens ice formation, whích is the cause of soil Treaving

(Aase and Si<1doway, t9B0).

Surface Resídues

In zero-tilled soils, the crop residues are not turned

under, but remain on the soil surface for a longer period of.

time. This ctranges the effect of the residues on the soil

and the subsequent crop. Surface mulcÏres increased water
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infiltration and decreased evaporation (Rickman and Klepper,

f 9B0 ) . T-he residues also prevent soil slaking and sealing

during rainfall as welI as subsequent crust formation

(Bauemer and Bakermans, 1973). The greatest potential for

reduced evaporation by vegetative mulctres is during ttre con-

stant stage rate of evaporation, wt¡en the soil surface is wet

(Sond and Willis, 1969). Reduction in evaporation during

greenhouse studies was linear at about .1 cm per day per 560

Xg/ha residue, up to 2240 kg/lna, or complete ground cover.

This contradicts Anderson and RusseI (1964), atthough the

variation may be accounted for by different definitions of

complete ground cover or a variation in mulch density.

Bright straw also reflects radiation. After 35 to 40 days,

cumulative evaporatJ-on \¡/as only slightty higher for the low

mulctr rates, and rate of evaporation was equal for rates of 0

to 6720 fg/ha residues. Implications are that residues are

mose useful in conserving moisture when precipitation is fre-

quent and heavy enough to penetrate the mulch (gond and

Willis, 1969). A heavy mulch of plant residues may also have

a detrimental effect on cropping. Aside from the obvious

difficutty of seeding through the trashr or controlling weeds

(Bauemer and Bakermans, L973), the residues may also smother

emerging seedlings (Anderson and Russel , L964), and decrease

yields (Ferguson, L967). Not all effects afe this obvíous.

Kimber (1973 ) during greenhouse studies, noted a marked

depression in germination where wtreat straw was rotted on tl-e
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soil surface. The effect was reduced where straw was incor-

porated, but could not be eliminated by addition of nit.rogen.

He attributed this effect. to toxins leaching from the straw

and becoming absorbed in a band in the soil. Incorporating

the straw diluted the toxins. These toxins, which present a

problem in the Pacific Northwest, may Ïrave come from fresh

resíduesr or may have been produced by microorganisms during

straw decomposition (Cochran et ô1., L977). The decomposi-

tion of green weeds and volunt.eer crops may also pose a

problem. Toussoun et al. (fgeg) reported that in greenhouse

studies the decay of green barley produced phytotoxic sub-

stances when moisture of the soil was greater than 308.

These were most toxic 3 weeks after incorporation and toxi-

city persisted f.or 7-B weeks.

The rate of straw decomposition is speeded up as contact

between soit and biomass increases. Low temperature retarded

decomposition (Brown and Dickey, 1970)" Plants with a higher

nitrogen content in the crop residue decornpose at a faster

rate (Bauemer and Bakermans, L973).

SoiI Fert.ility
The changes in soil structure, temperature, moisture and

fertifityr âs well as the increasecf amounts of surface resi-

due, atl have an effect on the location and availability of

plant nutrients. Bauemer and Bakermans (1973) state ttrat

generally, one could expecL an increased concentration of

nutrients aL the surface of zero-tilled soils and a reduction
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at greater depths. Iloschler et al' (I969) found an increase

in available Ca., I'1g., and P. in the top 5 cm of an orchard-

grass-clover stand following zeto'tilled corn¡ compared to

the orchardgrass-clover following convenLionally titled corn.

In Montana, Brown and Dickey (I970) in studies with wheat

s tra\,v, showed tha t bur ied straw immob i I i zed more phosphorus

than did Straw on the soit surface or straw above the soil

surface, but also that it. decomposed at, a faster rate r making

the phosphorus more availabte to plants. Smika and Eltis

(f971) found no significant, differences in P. concentration

in winter wheat plants during the tillering or heading stage'

regardless of rate of soil warming, presence of mulch or

addition of fertilizer nitrogen. The plants ütere grown both

in the greenhouse, and in Nebraska fields where stubble mulch

titlage practices had been used. Mulch was present at about

5000 kg/ha at time of seeding.

l"loschler et al . (I97 2) also f ound P and K to be higher

in the top 30 cm of 2 soils tested after 9 and 6 years of

continuous zero-tilled corn. Higher moisture in the surface

layers may lead to a greater solubility and increased uptake

of the nutrients which accumulate there, either through fer-

tilization or through decomposition of plant residues.

The pract.ice of zero-tillage also alters the available

nitrogen in the soiI. Harapiak ( 1980 ) mentions several

reasons for this. Mineralization of nitrogen from organic

matter is hastened by tillage and therefore slows down under
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zero tillage" Nitrification is also slowed down because of a

combination of less available nitrogen and wet cool compacted

soiIs. Immobilization, the process of combining plant avail-

able N with organic residues, also increases because of the

more protracted decomposition time of residues (Brown and

Dickey, 1970). Denitrification by oxygen-starved micro-

organisms may also be a problem in soíls that are saturated

for prolonged periods (Harapiak, I9B0; Rickman and Klepper,

1980) " This could be a problem in poorly drained soils

because of the increasecl infiltration and decreased evapora-

tion caused by a straw mulch (Rickman & Klepper, I9B0).

Moschler et aI. (L972 ) found higher levels of organic matter

in Virginia soils after 6 years of continuous zero-till corn.

Ptant analyses showed adequate levels of nutrients, and zero-

till plants consistently out-yielded plants grown under con-

ventional tillage, indicating more efficÍent use of nutri-

ents. Nutrients applied during these studies v/ere the same

on both convenLional and zero-tillage fíelds. Blevins et al.

(tglZ) found higher moisture in zero-tilled Kentucky soils

down to 60 cm when compared to convent.ionally tilled soils.

The greater differences occurred in the top B cm during

spring and summer. The two soils were nearly equal by Sep-

tember. This higher moisture content has certain implica-

tions for movement of fertilizers, especially water soluble

ones tike N" Higher fertilizer rates of nitrogen were needed

on the zero-titled corn for a yield equal to the
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conventionally tilled corn. Analysis of nitrat.e nitrogen at

the end of July showed a much lower concentration of nitrate

at the 0-20 cm level for the zero'tilled soil. Below 20 cm

the zero-lilled soil had a higher level of NO3-N. The

authors postulated that due to the increased moisture in the

upper regions of the soil, Ieaching may have removed the

NO3-N from the upper root zone.
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V'linter Wheat

Bread wheat, TE iticum aestivum is gror^rn on 26.8 mill ion

acres on the Canadian prairies. of this acreage, only 0.3

million acres or 1.2e" is winter wheat (Can" Coop" Wheat Prod"

Lrd. , L972).
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Fall Hardening

Time of seeding is an important factor in the proper

establishment, growth, and hardening of winter wheat" The

recommendations for western Canada are to seed during the

first 2 weeks of September (Grant et ãL", I976). This has

been shown to give the best survival' highest yield, and best

grade. There are several reasons for this. The optimum tem-

perature for wheat germination is 20" to 25oC although wheat

will germinate at a temperature as low as 4oC (Evans et aI.,

I97B). Earlier seeding could then hasten germination because

of warmer soil temperatures as soil temperatures at the 5 cm
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dept.h can sink to 4"C or lower by mid-October as shown by

Fowler and Gusta (1977 ) at Saskatoon. This seeding date also

allows the plant.s to reach the 4-6 leaf stage before freeze'

up" Seven to nine weeks of growth are needed so that they

will attain a maximum level of hardiness (Roberts and GranL,

1968). this agrees with work by Worzella and Cutler (f94I)

who stated that wint.er wheat was most hardy from t.he 5 to 15

leaf stage. The larger range may be explained by the milder

winters at Lafayette, Indiana" Later plantings also show

more ftuctuation in hardiness (Kimball ç Salisbury, 1971).

The formation of a crown by the wheat. plants is essen-

tial as this is the organ that regro\^rs in the spring. It is

also the origin for all adventitious roots. The stage of

development is largely a function of seeding date (Fowler and

Gusta, 1977) t while the location of the crown in relation to

the seed as well as the soil surface is influenced mostly by

environrnent (Ferguson and Boatwright' 1968). The location of

the crovrn is important for two reasons. First of all' the

deeper the cro\^¡n is, the more likely it is that it. will be

protected from lethal soil temperaturesr and secondly, the

crown node is the site of adventitious root development which

is stunted if the cror¡tn forms in dry soil. Ferguson and

BoaLwright (f968) found adventitious roots formed buL did not

elongate in dry soil. This vtas detrimental to survival,
since general field observations indicated that plants with a

wetl cleveloped rooL system were better able to withstand the

stresses of winter.
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The presence of a straw mulch also influences the loca-

tion of the crown node. In greenhouse experiments, Ferguson

and Boatwright (I968) found that in generalr âs the rate of

stravr increased, the crown formed farther from the seed, in

some cases even above the soil. At straw rates less than

4500 kg/ha, winLer hardy varieties formed their nodes closer

to the seed than did the non-hardy varieties. The authors

also found that as the Iight intensity increased, the node

formed closer to the seed, and as temperature decreased, the

node formed closer to t.he seed. This would support the con-

clusion that the influence of the mulch is due primarily to a

tighL response, since one would expect the soil to be cooler

under a mulch. However, Gauer et aI. (1982) found that Lhe

straw mulch on zeyo-titled Manitoba soils insulated the soil '
with the result. that fall temperatures v¡ere higher under the

mulched soils. Temperature could also be a factor influen-
cing crown node location.

Date of seeding has a significant effect on crohtn

characterist,ics. Fowl-er and Gusta (1977 ) found t.hat winter

wheat plants seeded September 15th had a higher crown water

content, smaller crovrrns and crowns formed at, a greater depth

than plants seeded August 21st.

The process of hardening in cereals, has been reviewed

(Single, I97L) and investigated ( Andrews and Pomeroy, L974¡

Chen and Gusta, L97B¡ Fowler and Carlest L979¡ Fowler and

Gusta, L977¡ Gusta and Fowler, L976; Roberts and Grant., 1968;

Tumanov et âI", L974; Worzel-l"a and Cutler' I94I) by many
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researchers. It is the process by which a plantr or plant

organ by undergoing a period of cool temperatures, usually

below 10oC (Chen and Gusta, I97B)t is able to withstand much

more intense cold without injury. Winter wheat plant.s do nol

have a true dormancy period but slowly respire through the

winter months, depleting energy reserves (Gusta and Fowler,

L976l'. The variety or cultivar of winter wheat also plays a

large role in the extent of hardening (Andrews' Pomeroy and

Grant., 1974¡ Fowler and CarIes t 1979¡ Roberts and Grant,

t96B; Worzella and Cutler, 1941). Environmental factors, by

influencing physiological adjustments, pIaY an important role

in the plantrs ability to harden.

Fertitity is a factor in determining the eventual cold

hardiness of the winter wheat plant.s" Worzella and Cutler

( f 941) f ound t,hat wheat seedlings grown on high IeveIs of

fertitity showed the greatesL injury. They attributed this

to t.he influence on plant development. Rich soils develop

large succulent plants, and result in stages of plant devel-

opment that are suscept.ible to co1d. Plant.s grovrn under con-

ditions of moderate fertif ity r¡tere less advanced, having 5 to

15 Ieaves, and were more resistant to cold. Grant (I982)

found no correlation between plant tissue nutrient content

and winter hardiness of winter wheat plants grohtn in central

Manitoba. High rates of nitrogen fertilÍzers applied in the

fall resulted in a decrease in winter Survival " FalI phos-

phorus fertilization resulted in an increase in winter
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survival, even when applied at -low rates. Grant (1982) also

found an interaction between nitrogen and phosphorus, in that.

when phosphorus was applied, addilion of nitrogen had very

little effect on survival.

Soil moisture affects both the growth of Lhe wheat

plant, (Ferguson and Boalwright, t96B) and the ability to

witlrstand freezing and ice crusting (Rakitina, L976).

Ferguson and Boatwright (1968) have reported that winter

wheat plants fail to develop adventitious roots when the

crown is surrounded by dry soit. These plants may die during

the winter, whereas adjacent plants in the field with adven-

titious roots will survive. In ttre U.S.S.R., Rakitina (L977)

subjected several varieties of winter wheat plants to three

degrees of flooding, after which they \^Iere frozen to three

depths in ice. This was done for varying ti¡ne periods at

dífferent. temperatures. Flooding increased the sensitívity

of plants to cold temperatures, affecting not only survival

but also regrowth when compared to plant.s that were not

flooded. Total ftooding had a greater effect ttran partial

f looding. These ef f ects v/ere magnif ied when plants \¡/ere

froaen into an ice crust. Agaín, plants hlere damaged more

when they v/ere entirely in ice ttran when they v/ere only

partialty in ice. The effects h/ere more pronounced for the

less hardy varieties like TAH-IB6 than for hardier varieties

Iike Ul'yanovka or Bezostaya.
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The effects of temperatures on the hardening of winter

wheat plants has been studied on seedlings grorltn in the

greenhouse or growth chamber (Andrews et âI., 1974; Gusta and

Fowler, L9'76; Pomeroy et â1., L974) and in the fÍeld (r'owler

and Carles, 1979; Gusta and Fowler, I976i and Worzella and

Cutler, I94l-). Worzella and Cutler (fg¿f) found a high cor-

relation between the results of field trials and artificial

freezing tests for cold resístance in winter wheat. Their

data indicated that the air temperatures which prevaí1ed

several days before the freezing test, affected the plant's

ability to resist low temperatures. When the air tempera-

tures increased, the ability of the plants to withstand cold

declined. fhis v/as true for the plants in the fall as well

as ttrrough the winLer, resulting in periods of greater hardi-

ness in response to cold weather " Similar results v/ere

report.ed by Gusta and Fowler (1976) .

Andrews et. aI. (ßlA) found that a temperature regime of

2"C for two to three weeks, followed by díurnal exposure to

-2oC was excellent for Ïrardening the seedlings of Rideau and

Cappelle Desprez. However, the seedlings of Rideau, the more

hardy cultivar, Ìrardened to a greater ext.ent as determined by

the LT5O. Pomeroy et aI. (fgZg) established this for the

cultivar Klrarkov, noting that the LT'O decreased from

-8.5'C at one week to -2I.0'C at six weeks' exposure. The

hardening process v/as speeded up by growth at Is"cflOoc for

four to six days before being transferred to the 2"Cf-2"c
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regime. This would more closely approximate normal ground

t.emperatures in fall when the winter wtreat germinates and

begins growth. Fowler and Carles (Lg7g), at Saskatoon agree

with this informat.ion" During studies conducted in L972,

L975 and L977, the ground temperature at 5 cm was 12-15'C at

the beginning of September and slowly decreased to O-z"C by

November. Hardy and non-hardy varieties can grow and develop

during near freezing temperatures (fim¡att and Salisbury

(I97I), however the non-hardy variety showed more growth

which may reflect an inabilíty to acclimatize in late fall.

Light is necessary for the complete hardening of winter

wheat. In the U.S.S.R., Tumanov et aI. (f975) found thaL

prolonged residence of winter wheat plants in the dark lowers

theír ability to be hardened by frost. They kept. wheat

plants in the growth ctramber on a I2E sucrose solution at 2"C

for eight days. Plants in the light survived at '26"C but

those kept in the dark all died at -l3oc. At higher tempera-

tures, the plants kept. in the dark were even more sensitive

to frost, although raising the sucrose concenLration in Lhe

nutrient solution increased their hardiness slightly. Frost

resistant varieties líke Ul'yanovka are more able to tolerate

darkness without decreasíng in hardiness than are less frost

resistent varieties like Mironovska B0B.

An.drews et at. (tgl+) found sirnilar results when working

with Rideau and Cappelte Desprez wheat. Seedlings grown in

petri-pIaLes in the dark at low temperatures increased in
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cotd hardíness as measured by LTS'. After five weeks,

Rideau attained an LT50 of -l-2"C and Cappelle Desprez an

LT5O of -6oC. Exposure to Iight. delayed maxímum hardi-

ness by two weeks and increased it. by 6oC in bottr cultivars.

The authors attributed this to the depletion of endosperm

reserves in the dark, whictr lowered the carbohydrate content

of the plants, making ttrem more susceptible to damage. Gusta

and Fowler (lglø) stored trardened winter wtreat seedlings at

-2.5"C for LzO days under continuous light. and noticed no

decrease in hardíness during this time.

A situation where wheat seedtings may be subject to

darkness during hardening may occur in the field (Tumanov et

â1, 1975). fhis happens when snov/ falts on insufficiently

frozen ground and remains for a long time. Plants may then

enter t?re winter in an unfrozen state; with the result that

they may die with the advent of frosty weaLher.

one of the first manifestations of cotd hardíness in

winter cereals is a reduction in crot¡,¡n moisture conLent (Ctren

and Gusta, I97B). This is not the result of. a reduction of

crown water, but rather an increase in bhe rate of dry matter

accumulation (Fowter and Carles ' L979), Researchers Ïtave

found a positive correlaLion between crown water content and

cold hardiness as determined by LT5O (Ctten and Gusta,

LgTBi Fowler and Carles, 1979; Fowler and Gusta, f977). This

relationship is especíally evident within species (¡'owler and

Carles , L979). Wtren exposed to conditions conducive to
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hardening, the hardiest cultivars will have the lowest crown

water conLent, the cultivars of limited hardiness will have a

higher crown water contentr and cultivars having a spring

growth habit will have the highest crown water content. This

principle does not hold true between species (Fowler and

Carles I I979l- . For example, the hardy winter wheat Kharkov

rnay have the same crown water content as the winter rYe ¡

Front.ier, but there is a 10oC difference in cold hardiness

(Chen and Gusta, t97B). The converse relationship between

cro\,rrn water content and cold hard iness is also true . As a

hardened cereal plant is exposed to vJarmer temperatures the

water content rises and the cold hardiness decreases.

Winter SurvivaI. The period of time most crucial in deter-

mining the viabitity of winter wheat as a commercial success

is between freezeup and spring. Unfavourable conditions

result in an average loss of 10å (Worzella and Cutler, 1941)

or winterkilting I year in l0 (Grant et âI', I976) in areas

where winter wheat is normally gro\^tn. Losses may be much

higher in areas not normally suiteci for the production of

winter wheat. Survival of plants during the harsh winter

months depends largely on 2 f.actors; the physical environ-

ment, and the condition of the plants.
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physical Environment. The physical environment of the wheat

plant during the winter consists of the temperature' both of

the air and the soiI, the depth and degree of frost in the

soil, snow and ice coverr soil moisture, and exposure to

l ight. [rlinter inj ury may be caused by cold temperatures '
heaving of the soil and smothering (worzella and Cutler,

1941). The same authors noted that soil temperatures under

an ice layer closely followed the air temperature while there

was little fluctuation in temperature under a blanket of

snow. Snow is a much bett.er insulator than ice. The

hard iness levels of plants f rozen into ice \^¡ere reduced

(Andrews et â1., 1974), perhaps due to a worsening of gas

exchange (Ranitina, Ig77). This is considered more danraging

than fall flooding (nanitina, 1977).

Water may be limiting during the winter. The soil may

freeze to the extent that Lhe dormant plants are no longer

able to absorb sufficient water to replace that lost by

transpiration (AIessi and Po!'rer ' 1971) . Brief thaws may thus

be beneficial due to melting of snoht around plants' improving

the water status of the crown.

Snow cover is the most important fact,or in ensuring win-

ter surv ial , s ince a layer of sno\^¡ insulates the so i I , Pr€-

venting kitl ing temperatures at t.he cro\^tn depths (Aase and

Siddoway, L979, Aase and Siddoway, l9B0; AIessi and Power,

I97I; v'Iorzella and Cutler, l94l). Snow cover of 6'7 cm would

keep the ground temperature at a 3 cm depth above -l6oC at
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air temperatures as low as -35oC. With a snov/ cover of 15-17

ctrlr the soil temperature would only reach -Il oC at a -35 oC

air temperature (aase and Siddoway, L979). Standing stubble

provided only slight protection. Aase and Siddoway (L979)

stated that 7 cm of snow should provide protection to wtreat

even through the air temperatures might occasionally approach

-40oC. Prolonged exposure of plants to near lethal tempera-

tures may weaken them and reduce their cold trardiness (Fowler

and Gusta, L977b).

Plant Condition. The level of hardiness of the wheat plants,

determines their reaction to the environment. The hardiness

corresponds to the aír temperature on preceding days. hfhen

the weather becomes warmer, the wtreat. plants lose their har-

diness Lo some degree, but usually regain it with the advent

of colder weather (WorzeIla & Cutler, I94L). Generally

speaking, hardiness decreases from fall to spring (Fowler &

Gusta, 1-977b), possibly due to depleted energy reserves as a

result of slow transpiration through the winter (Gusta and

Fowler, L976b). Gusta and Fowler (f976b) noted that ?rardened

Kharkov winter wheat was able to survive ternperatures of

-I9oc in the faII but only -lloc in the spring. The same

trend was true for ry€, which dropped to a survival tempera-

ture of -17 oC from -24"C in fall. Plants with a great.er

energy reserve as reflected in percent dry matter, mðY be

more able to harden or reharden, regardless of season.
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Kimball and Salisbury (L977 ) , in Ut.ah, noted that a hardy

variety Brevor had a higher e" dry matter all winter than a

less hardy varieLy Lehmí. As plant.s approach spring in the

less hardy state they become increasingly susceptible to

periods of low temperatures, especiatly because the snow

cover melts as well. Once plants are detrardened past a

certain point, they will not reharden and are unaÌ¡Ie t.o

maintain their Ïrardiness (Gusta and Fowler, L976]o).

Regrowth and Maturity

The wtreat plants, having survived the winter, deharden,

and begin regrowth with the advent of warm weather in sprÍng.

This will be the reproductive phase of growth, because their

requirement for vernalization has been met during the pre-

vious fall.

Spring Growth. Available moisLure is important in determin-

ing the rate and type of growth of the wheat plants. There

is tittle or no penetrat.ion of roots into dry ground (Evans,

L97B) or througTr dry straw mulch (Cochran et al. L977 ¡

Ferguson and Boatwright, 1968). Excess moisture is just as

damagÍng to the plants. Belford (IgBf) noted that water-

Iogging of the soil restricted seminal root growLh and in-

creased nodal root production, The overall effect was a

decrease in the sLze of the root system. This would result

in a lower capacity to absorb mobile nutrients like N and K,
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and is manifested in chlorotic leaves which Senesce prema-

turely. Symptoms dissapear when waterlogging is over and nev¡

leaves appear. The stage of growth is not crucial in deter-

mining waterlogging resistance (aelford, l9BI).

Soil structure influences rooting patterns. There is a

slower extension of seminal roots into undisturbed soils'

resulting in a shallow intensive root system (Finney and

Knight, I973). The authors noted an increased tendency for

lateral branching when elongation is inhibited. Wilhelm

( f9B2) also found that root density of winter wheat vras

great.est in a no t.illage situation when compared to plowed or

subtilled areas. However, he did not notice any influence on

root length.

The surface environment, as determined by crop residuest

has an effect on winter wheat growth and development. Aase

and Siddoway ( f 980 ) f ound that winter wheat grew t,aller and

had a greaLer dry weight on stubble plots than on bare seeded

plots " This v¡as only true until mid-June ' when t.he bare

seeded plots gre$, taller than t.he stubble seeded plots (Aase

A Siddoltrâ]r r 1980 ; Black and Siddoway , L977 ) . Anderson and

Russel at Let,hbridge (1964), found maturity was delayed up to

6 days vrith the appl ication of 8000 Lb/ acte of wheat stravr 
"

Plant height was also depressed" Baeumer and Bakermans,

(f973) also noted a decrease in N uptake over that of conven-

tionalty tiIled wheat, possibly due to immobilization of fer-

titizer by surface residues. Toxins leached from straw may



28

also inhibit the growth of secondary roots (cochran et ar',

L977'), as well as reducing tillering. This setback could

result in increased weed competition and damage by frost,

chemicals or drought. In Nebraska, Smika and Eltis (f97f)

noted a reduction in tillering under straw mulch conditions,

but they attributed this to cooler soil temperatures, because

no differences r¡rere noted when soil temperaLures of mulched

and unmulched soils were the same. Black and Siddoway (L977')

saw reduced growth on plots of winter wheat seeded into 38 cm

stubble when compared to wheat seeded into 15 or 28 cm

stubble. They attributed this in part, to cooler soil tem-

peratures caused by shading.

Winter wheat responds weII to the addition of fertil-

izers, especially nitrogen. Addition of nitrogen increased

the number of adventitious roots (Black and Siddoway, L977).

The number of adventitious roots per plant is positively

correlated with final grain yield. The addilion of N ferti-

Iizers also hetped to overcome any growth differences due to

stubble heights (SIack and Siddowayt L977¡ Smika and ElIis'

1971 ) .

YieId and Protein. The f act.ors determining yield and grain

protein content in a crop of winter wheat are a complex mix-

ture of N fertility and available moisture. The time of

availability and the amount of both nitrogen and soil mois-

ture affect the final outcome (Smika & Greb 1973).
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yield. !{aterlogging may cause a yield decrease of 2'L9% dur-

ing B0 days of waterlogging (Belford, L9Bl). UsuaIIy, how-

ever, t,he }osses in yield on the northern Great Plains are

due to limiting water (Smika and Greb , L973¡ Terman et â1.,

f960). Available nitrogen is the other factor affecting
yietd. Increasing the nitrogen through fertilizat.ion in-

creased yield if other requirements were not lirniting (Black

and Siddoway , L977 ¡ Smika and Greb t I973¡ Terman , 1969 ) .

Grain yields increased as Lhe amount of nitrogen applied

increased from 0 to 67 kg/ha and were greater at an early

application on May lst than on a late application on l4ay 23td

(Btack and Siddoway, L977). AII nitrogen vras topdressed.

They found ammonium nitrate to be more effective than urea,

presumably because the hydrolysis and mineralization needed

for urea to become available to the plants was slowed down by

the cooler zero-tilled soils. For both dates of nitrogen

application, the yield v¡as higher for 15 and 28 cm stubble

heights than for t.he bare seeded or 3B cin stubble height,

possibly due to a more favourable soil temperature and micro-

climate. Anderson and Russef (1969) also noted decreased

yield for winter wheat at rates of straw mulch over 5000

lb/ acre. Part of t.his decrease could be due to nitrogen

i'mmob i I i zat ion . Kimber (L97 3 ) showed increased numbers of

tillers, heads and final yietd when 300 kg/ha nitrogen was

appliecl to pots in which straw had either been spread or

incorporated. Higher and lower raLes of nitrogen generally

did not give the same positive response.
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prq.tg_1g. The date and rate of nitrogen fertilizat.ion is also

important in determining protein content of wheat grain.

Hucklesby et aI. (I971) found grain protein and yield of

winter wheat in Illinois vtere increased most by late spring

applications, and that this did not present an environmental

problem. OnIy the 224 kg/ha rate provided t.he soil with a

gain of N after crop removal. Black and Siddoway ( 1971 )

increased grain prot-ein f rom ll.5 to L2.seo with 67 kg/ha

ammonium nitrate regardless of early or late spring applica-

tion. Soil nitrate at time of seeding was positively cor-

related with grain protein (smiXa and Greb' 1973). AvaiIable

moisture determines wheat grain protein. Smika and Greb

( 1973) found t.hat precipitation 40-55 days before maturity

and avaitable soil water at. seeding were both negatively

correlated with grain protein. In summary, the chief effect

of applied nitrogen with adequate water htas Lo increase

yields, while the chief or entire ef f ect wit.h severe water

deficits was to increase protein content " In intermediate

situations, nit.rogen increased both yield and protein content

( Terman et al. , 1969 ) .

Temperature of the air and soil environmenL also plays a

role in determining grain protein. During the 5 days' 15-20

days before maturityr maximum air temperature has a large

effect on grain protein (Smika and Greb 1973). The protein

contenL was highest at a mean maximum air temperature of
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32"C, decreasing as the mean maximum temperature rose or fell

from this point" They also found the average soil tempera-

ture at crown depth during the period from regrowth to the

soft dough stage to be positively correlated with grain

prote in.
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MATERIALS AND METHODS

Field experiments were conducted on tl. e University of

Manitoba Plant Science Research Station at Portage la

Prairie, Manitoba, in I9B0-BI and 198t-82. In I9B0-BI trials

\¡/ere situated on a Dugas silty c1ay. In I9B1-82 trials were

shifted to a Fortier silty clay (l,tichalyna & Smith, 1972).

AIl experiments were laid out as a randomized complete black

design with four replicates.

In both years, winter wheat was sown into barley stub-

bte. A Noble 2000 hoe drill h¡as used for all seeding opera-

tions and set to sow to a depth of approximately 5 cm. Atl

trials v/ere seeded to Norstar winter wheat. Harvest methods

varied and are described under individual experiments. AII

the samples were cleaned, weighed and tested for actual mois-

ture content. Yield was determined at 14.0 percent grain

moisture as weight per unit area harvested and expressed in

kslha.

Protein determination of the grain \ivas conducted by the

protein analysis Iaboratory at the University of Manitoba

using the Kjetdahl method.

AII the data was statistically analyzed and treatment

means v/ere

. O5 1eve1.

compared using Duncans Multiple Range Test at the
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Trials conducted in 1980-8l

Barley from the previous crop was harvested on August 13

after it. had been dessicated. The straw v/as chopped and

spread uniformly. T'l:e rate of seeding was 70 kg/ha for Nor-

star winter wtreat which was seeded on September l4th, and 109

Rg/ha for Neepawa spring wheat wtrich was seeded on May 13th.

The spring wheat hlas seeded only as a yield comparison. AII

experiments were seeded in a north-south direction. Phos-

phate fertiLizer v/as applied as f1-5f-0 with the seed at a

rate of 43 kg/ha PZOS. Nitrogen fertilizer v/as broadcast

on 5-6 cm of snow on November 13th as 46-0-0 at the rate of

r25 kg/ha N.

Experiment I The Effects of Stubble

Survival and Growth of

Height on the Winter

Winter Wheat

This experiment consisted of seven treatments. Five of

these were winter wtreat, seeded into 2L x 3O m (OaOm2¡

ptots consisting of chemical sunrmerfallow, conventionally

tilled barley stubble 7.5 cm high barley stubble, 15 cm

barley stubble and 30 cm barley stubble. Two other wheaL

treatments consisted of spring wtreat seeded into I5 cm barley

stubble and wheat seeded into a conventionally tilled seed-

bed. Tlrese plots \¡/ere side-by-side and IO.5 x 30 m (gf 5m2)

in size.

The chemical summerfallow was treated with two applica-

tions of paraquat at .56 kg/ha during the 1980 growing season
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The conventionally tilled plots vtere deep tilled twice and

harrowed before seeding. The coventionally tilled spring

wheat was cultivated and harrowed once more before seeding.

Standing stubble vras cut to the appropriate height at the

time of harvest. In place of cultivation, the zero-tilled

spring wheat plots received an application of glyphosate at,

L7 kg/ha, prior to seeding" The whole experiment was t.reat-

ed with .56 kg/ha bromoxynil on May 21st and with .7L kglha

dichlofop methyl on May 26th. In addition to this, dichlofop

methyl and bromoxynil vrere applied to the spring wheat on

June Bth and 9th respectively to control a second flush of

weeds.

PIant counts vrere taken on four random .25m2 areas in

each plot on November 4 th " Plant.s urere at the three leaf

stage at. the time of freeze-up.

Snow depths in the plots \Àras measured af ter every sno\lr-

fall or aft,er drifting had occurred" Temperature was recor-

ded at one location per plotr on one plot of each of the con-

ventionally tilled seedbed, chemical summerfallow, 15 cm

stubble and 30 cm stubble. The temperatures \^/ere taken at

depths of 2.5,5,10, and 20 cm below ground level with cop-

per constantan thermocouples. These \¡lere connected to a

Campbell Scientific CR5 digital recorder which was programmed

to record ternperatures once daily, during the early morning,

when soil temperatures \Árere at the ir lowest .
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Spring plant counts were taken on May lst on four

.25m2 random samples. These counts were compared to those

taken in the fatl, and. percent winter survival v/as calcula*

ted. The number of leaves and tillers per plant were noted,

after removal from the soil, and then the plants from each

plot were bulked and the dry matter determined after drying.

Plant counts and dry matter determinations \¡/ere done again

from June 29t-1n to July Ist in the same fashj-on.

The plots of winter wheat. v/ere ?rarvested August 10th to

13th wittr a Gleaner E straight cut combine. The spring v¡heat

plots v/ere harvested with a Hege plot. combine on August 2lst.

Volumetric soil moisbure v/as determined on April 24Lh to

detect differences in moisture due to variable snow cover.

This was done by means of soil samples using a ring of

23.Ag "*3 volume down to 25 cm and by means of a neutron

moisture meter from 25 to 100 cm depth. Access tubes for the

neutron moisture meter had been installed on the first two

' replicates the previous fa1l.

Experiment 2 The Effects of Four Rates of Barley Straw

Mulch on the Growth of l¡Iinter lrlheat.

This experiment consisted of six treatments with a plot

size of 3 x 6 meters (18m2) " On one plot the stubble was

mowed to ground level and all straw raked off. The other

five treatments were all in t5 cm stubble. Of these, one was

raked to remove all straw except standing stubble and the
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second vras lef t witfr normal crop residue. The other three

plots v¡ere raked, and then chopped barley straw was added at

t.he rate of 1500 kg/ha, 3000 kg/ha and 4500 kg/ha and spread

uniformly" The mulch was applied October I4th' 1980"

Spring plant. counts \¡¡ere done on May 12th ' I981, on

three random .25m2 samples per plot. Samples vtere treated

as in Exper: iment. I . The stage of growth , accord ing to the

Feekes scale (Large, L954), vtas assessed on the same date.

Weed control consisted of an application of bromoxynil at "56

kg/ha on May 2lst and an application of dichlofop methyl at

.7L kg/ha on May 26Lh" Plots were harvested on August t0th

with a Hege plot combine.

TriaIs Conducted in 1981-82

Barley f rom the prev ious crop \^tas harvested on August

19th. Norstar winter wheat lvas sown on September 4th at 70

kg/ha and Benito spring wheat vras sown on May 24th at 97

kg/ha" Phosphate htas applied as lI-51-0 wit.h the seed at the

rate of 20 kg/ha PZOS as per soil test recommen<lations "

Nitrogen fertilizer htas broadcast on May 3rd as 34-0-0 at the

rate of t55 kg/ha N. Because of t.he cool spring, weed germi-

nation and growth vtere slow. The winter wheat grew rapidly

and held a competit.ive advant.age over t.he grassy and broad-

leaf weeds, except in areas where the stand v¡as poor or non-

existent, Therefore herbicide applicat.ion in f9B1-82 was

omitted "
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Experiment 3 The Effects of Stubble Height on Lhe Winter

Growt.h of Winter Wheat.Survival and

Exper imental treatments and plot si ze \¡rere the same as

Experiment L, with the exception of the conventionally tilled

seedbed. It vras prepared by deep tilling once, double dis-

cing twice to reduce the size of clods and harrowing before

seeding. In addit,ion, the conventionally tilled seedbed for

spring wheat vras disced before seeding and harrowed immedia-

tely af t.er seed ing .

The zeyo-tilled spring wheat plots vlere sprayed with

glyphosate at. I.6B kg/ha before seeding" Both spring wheat

t,reatment,s received an application of .56 kg/ha bromoxynil on

June 28th and an apptication of .7L kg/ha dichlofop methyl on

JuIy 6th.

FaIl plant counts weríe taken October 10th on four

1.5-meter rows in t.he cent.ral portion of each of the winter

wheat. plots. This was changed from previous methods to

improve the accuracy.

Snow depths vtere taken at 6 locations per plot on a

weekly basis throughout the winter. Soit temperatures vtere

rnonitored by means of thermocouples placed at 2"5 and 5 cm

depths at each of 2 locations in every winter wheat plot in

t.he first replicate. These temperatures were recorded once

daily in the early morning about B:00 âmr with a CampbeII

Scientific CR5 digital recorder. Unfortunatelyr wires lead-

ing to the 30 cm stubble plot were torn by a snowmobile near
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the end of December r so readings \^¡ere unavailable for this

plot from this time. In addition to this, thermocouple tem-

peratures at 10 and 20 cm depths vtere recorded on a weekly

basis with a hand-held Vrtestcor digital thermometer. As well '
soil temperatures at 2.5 CIIIr 5 cm, 10 CItrr and 20 cm depths

hrere measured at I location per plot from May lst,h until the

winter wheat canopy closed the rows on about June Bth" This

was done by means of therrnocouples at t.hose depths and meas-

ured with the Westcor thermometer.

Volumetric soil moisture content ât,0-25 cm \¡JaS deter-

mined at I location per plot on October 7th and at 2 loca-

tions per plot on Aprit 26th to determine moisture gain over

winter, and on l{ay 22th, June 21st and JuIy 20t.h to monitor

changes through the summer. Ivlethods were the same as those

previously described. In addition to this, soil moisture at

25-100 cm was determined on October 6th and May 4th using a

portable neutron moisture meter.

The depth of frost penetration and degree of soil thaw-

ing in spring were determined on ApriL 27Lhr using a portable,

motorized soil auger. Presence of the frost vtas determined

by the increased resistance to dritling. The difference in

the depth of t.he holes between first encountering resistance

and lack of resistance was taken to be the depth of the frost

Iayer.
The winter wheat resumed growth during the last week of

April, and spring plant counts v¡ere done on May }4th on the

same four 1.S-meter rows per plot as in the fall. Winter
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survival was determined from these counts. In addition, the

number of titlers and growth stage \^/ere also recorded, afLer

which the plants v/ere clipped off at ground level, and. the

tops dried and weighed. PlanLs, number of tillers, and dry

weight were recorded again after a second sampling

June 22Lh.

The winter wheat lodged very badly because of heavy

rainstorms in late JuIy. As a result, since mectranical har-

vesL v/as difficult, Ìtarvest samples \^/ere taken by hand from

four 1m2 areas in each of the plots. The samples were

taken on August 13th for the winter wheat and on August 30th

for the spring wheaL. Samples vtere tied in bundles and

allowed to dry several days before threshing with a VogeI

stationary thresher"

Experiment 4 The Effects of Four RaLes of Barley Straw

Mulch on the Growth of Winter $ltreat

This experiment consisted of eight treatments, with a

ptot síze of 3m x L2 m (SOm2¡. After the experiment was

seeded ínto t5 cm barley stubble, 4 treatments vtere mowed to

ground level. Of these 4 treatments, one \ÀIas raked bare, the

second had chopped barley straw added to bring the total crop

residue up to 1500 tcg/ha, the third and fourth mowed t'reat-

ments had 30OO and 4500 t<g/ha respectively. The ptots with

standing stubble were treated in a similar manner so that

they had one plot each of O mulch (raked), 1500, 3000, and

45OO kg/ha mulch. The mulch vras applied after seeding, lout
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before the crop hras fully emerged. The a,itded straw had been

run through a combine sLraw chopper to simulate actual field

crop residues.

FaIl plant counLs v/ere taken on October 15th on four

1.5 m rows in each plot"

Soil temperature measurements during the winter were

conducted as descríbed in Experiment 3. Snow depths v/ere

measured at 2 locations per plot on a weekly basis.

Spring plant counts v/ere done on May l3th on the same

f our I.5 m ro\^¡s in each plot, and survival calculated.

Plants were dug up, clipped at ground level, and shoot dry

matter determined after counting tillers and noting growth

stage.

Plots were harvested on August tTth with a Hege small

plot combine.

Experiment 5 A Comparison of the Effects of Three Types

of Straw Mulch on the Growth of Winter

Wheat.

This experiment consisted of seven treatments. Plot

size \¡/as 3 m x L2 m (aøm2¡. It was seeded into 15 cm bar-

ley stubble, and atl treaLments v/ere raked, leaving only

standing stubble. One plot was left bare, and the other six

covered with winter wheat strahr, or barley straw or rapeseed

stravr, each at raLes of 1500 and 3000 Xg/ha" All straw had

previously been run through a combine with straw chopper to

simulate fietd crop residues.



FaII plant counts v/ere taken on October I6th

1.5m rows in each plot.

Spring plant counts on May 28th and harvest

ust 13th was as outlined for Experiment 4.
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EX riment I

RESULTS AND DISCUSSION

The Effects of Stubble Height
Survival and Growth of Winter
t9B0-B I

on the Winter
Wheat in

Sno\,¡ Depths

The stubble height had an effect on snov¡ retention in

the plots (Figure l), despite the atypical climatic condi-

tions for the winter of I9B0-81. Precipitation for the five

months, November through March, was only 60Z of normal

(Appendix TabIe f). As weII, the precipitation fetl in the

form of rain before November 23rd, and after February l5th,
as weII as on t.he 14th and 27Eh of December. Thaws reduced

snow cover to near zero on December 28th and January l8th,
dividing the winter into three periods of snow accumulation.

During these periods, the Ievels of snow accumulation

corresponded to stubble heights (Figure 1). The snovl

accumulations on the chemical fallow \¡rere lower than all
other treatments, averag ing about 2 cm in depth. The

conventional tillage trapped more sno\^r, about 3 to 4 cm,

except. during mid-January when all treatments had 2 Lo 4 cm

of sno\¡rr on the soil surface. The 7.5 cm stubble trapped 4 to
6 cm snohr. The 15 cm and 30 cm stubble heights trapped

similar amounts of snow, up to a maximum of 6 to 9 cm. The

similarity in snohr retention between the 15 and 30 cm stubble

heights can be attributed to the lack of snow. Presumably,

if more snow had fallen, the 30 cm stubble would have held
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more snow after wind drifting than any of the other treat-

ments.

Soil Temperatures in Winter

The winter of I9B0-BI was exceptionally mild (appendix

Table I). Temperatures for December were 1.9"C below normal

but they were 2.9, 5.5, 6.1 and 6.8'C above normal for Novem-

ber, January, February and March respectively.

Snow depths had an influence on soil temperatures.

There \¡/ere periods of ttre winter when sno\^/ cover was non-

existent, namely up to November 3Oth, near December 28th,

January l8th to 23rd, and February 15th to March 22nd (figure

1 ). The soil temperature at 2.5 cm depth closely paralleled

air temperatures (figure 2) during this time. When a snov/

cover was present, air temperature and soil temperature were

more widely separated. The degree of separation \¡/as depen-

dent upon the amount of snow as well as the speed and magni-

tude of temperature fluctuation. The lowest temperatures

hrere recorded in the chemical fallow plots. Three exceptions

occurred on December 12th, January 4th, and February Bth,

when the temperature of the soil in the 15 cm stubble was

identicat to that of the chemical fallow, despite differences

in plot snow cover. Ttre reason for this v/as not clear, but

possibly ttre drifting snoh/ created a hollow around the stake

to which the thermocouples v/ere attachedr so that the actual

snow depth at the recording location \^/as less than that of

tl.e plot as a wtrole.
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SoiI Temper atures in Spring

Temperatures of the soil at the 5 cm depth seldom varied

more than I oC between treatments during the period from May

26Lh to June 26Lh (tante I ). Slight variations occurred on

May 26lh when the conventional tillage plots v/ere 1-1.5'C

higher tTran all the others, and on the 5th, Bth, and lOth of

June when the 15 cm stubble plots htere I.5-2.0oC higher than

all other treatments. The reasons for this are not clear,

since by June Bth, the wheat was 30 cm tall and providing

nearly complete ground cover. The wheat plants would have

provided an effect on microclimate far greater than the

remaining stubble.

SoiI Moisture

Volumetric soil moisture measurements were taken in

April to determine if there were any differences in soil

moisture due to differential snov/ rentention (eppendix Table

2). There v/ere no significant differences in ttre volumetric

soit moisture content in the 0 to 25 cm layer of soil or in

the 25 to 100 cm layer. Apparently, the below average preci-

pitation and v/arm temperature during March and April, erased

any differences that may have occurred due to tl.e mid-

February snow accumulations. Snow melt from the 2-9 cm

depths of snow on the plots would not have been of any real

significance.
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TABLE 1

Mid-day Sol I Temperatures at the 5 cm Depth Recorded
Durlng the Sprlng of l98l ln Flve Stubble Helghts

Means ln columns followed by the same letter do not differ slgnlflcantly at the,05 level.

Treatment

Date
May 25 May 29 June I June 5 Juno I June 10 June l7 June 23 June 26

Growth Stage (Feekes)
4 5 5., 6 6.5 7 8.5 t0

Chemlcal Fal low

Convenf I ona I

Tl I lago

7.5 cn Stubble

15 cm Stubble

50 cm Sfubble

l5.l ab

16.1 a

14"8 ab

14.6 b

l5.l ab

14.6 a

14.6 a

14"2 a

l5.l a

14.5 a

15.0 a

14.5 a

14"4 a

14.7 a

14.5 a

77.2 ab

17.2 ab

76.9 b

18.5 a

16.7 b

l6.l a

16.1 a

15.8 a

17.4 a

15.8 a

15.4 ab

15.6 ab

14.9 b

16.7 a

15.1 b

15.4 a

15.5 a

15.2 a

15.4 a

15.3 a

16.2 a

l6.l a

15.7 a

16.5 a

16.0 a

18.7 a

18.6 a

18.0 a

18.4 a

l8"l a
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Winter Survival

There were no significant. differences in fall plant

stand between treatments (Table 2). The wheat seeded on the

chemical fallow had a larger recorded number of planLs per

square meter than any of the other treatments.

In the spring, wheat seeded in 15 cm stubble had a sig-
nificantly higher plant density than wheat seeded in conven-

tionally titled soit. AII other treaLments \âtere intermediate

and did not differ significantly from these two. Planb stand

in all stubble treatments increased over t.hat of t.he previous

fall, whereas plant stand on the chemical fallow and conven-

tionally tilled plots decreased over winter. This loss can

be attributed to a weakening of plants by cold temperaLure as

a result of reduced sno!', cover r âs well as damage by soil
drifting during the spring.

In spit.e of the changes in plant population over winter,

there r¡¡ere no significant differences in winter survival

between treatments (Table 2).

Vegetative Growth

The dry mat.ter per square meter on May lst is signif i-

cantly higher for wheat sown in 15 cm stubble than for wheat

sobrn in conventionally tiIled soil (Table 3 ) . AIt other

treaLrnents do not dif fer from either of these. There are no

significant differences in dry weight between treatments on a

per-planL basis, so the differences in dry matter per square

meter are a reflection of plant stand, not plant size"



P lant Counts,/m2 Plant Counts Tl I lers per Plant Heads/n2

Nov. 4 May I

I
Surv I va I

Julv 1 Mav I July I July I

freafmenf

Convent I ona I

Tl llage

7,5 cn Stubble

l5 cm Stubble

30 cm Stubble

Cheml ca I

Fal low

155 a

135 a

156 a

l3l a

l3l a

I
140 ab

119 b

150 ab

144 ab

162 a

92a

9la

lll a

119 a

lll a

139 a

135 a

l5l a

146 a

159 a

2.3 a

2.5 a

2.4 a

3.2 a

2.5 a

5.7 a

5.7 a

5. I a

5.4 a

5,3 a

725 ab

800 a

753 ab

769 ab

673 b

C. V. 75.5 14.9 19.6 9.8 21.2 15.5 9.4
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TABLE 2

t'llnter Survlval and Growth of Wlnter Wheat ln 1981

When Grown ln Flve Stubble Helghts

Means wlfhln columns followed by the same letter are not slgnlflcanlly dlfferent at fhe.05 level.
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There were no significant. differences in tiller number

between treatment.s on May Ist. They ranged from a high of

3.2 tillers per plant in the 15 cm stubble to a low of 2.3

tillers per plant in the chemical fallow.
On July lst, wheat seeded into 7.5 cm stubble had signi-

ficantly greater dry matter ttran wheat seeded into conven-

tionally tilled soil (ta¡te 3 ). AtI other treatments did not

differ from these two. For the zero-tilled treatments, dry
matter decreases as stubble height. increases, but all stubble

treatments had a greater dry matter than chemical fallow

which, in turn, v/as greater than conventional tillage. There

were no signifieant differences in dry matter per plant on

JuIy Ist.
The number of fertile tillers per plant. ranged from 5.7

for the 30 cm stubble, down to 5"I for the conventional
tillage but did not vary significantly. The n.umber of

â
heads/m' was sign.ifícantly higher for the wheat seeded in
7.5 cm stubble ttran for wtreat seeded in conventionally tilled
soil, but this was not reflected in final grain yield.

Yield and Protein
There v/ere no significant differences in the yields of

winter wheat. Yields ranged from a high of 3820"3 kg/ha on

wheat planted in 30 cm stubble, to a low of 3203.8 kg/ha for

wheat ptanted in chemical fallow" The zero-till stubble

treatments had the highest yield followed by conventíonally

tilled plots an'd by che¡nical fallow plots.

The grain protein at LAe" grain moisture ranged from a

high of I2.3? for wheat gror¡/n on chelnical fallow, to a low of
10.4? for wheat grown in 30 cm stubble (taUte 3)" The wheat
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TABLE 5

Dry Matfer and Yleld of I'llnfer Wheat ln l98l
When Grown ln Flve Stubble Helghts

I Muun. wlthln columns followed by the same letter are not slgnlflcantly difforent aT the.05 level.

Treatment Dry Mafter/m2(9) Dry Mafter/Plant (g) Yleld kg,/ha I Proteln

May I July I May 1 July I

Chemlcal
Fal low

Convent I ona I

Tl I lage

7.5 cn Slubble

15 cm Stubble

30 cm Stubble

Sprlng Wheaf,
Zero-Tl I lage

Sprlng V'lheat,

Convent I on-
ally Tllled

7.7
I

a

5.8 b

7.2 ab

9.0 a

7.7 ab

849.5 ab

763"8 b

954.0 a

906.3 ab

878.0 ab

0.05 a

0"05 a

0.05 a

0.06 a

0.05 a

6.34 a

5.75 a

6.54 a

6.?7 a

6.35 a

3204 a

3648 a

3749 a

3743 a

3820 a

3419 a

3221 a

12.3 b

11.1 c

10.9 c

10.6 c

10.4 c

13.5 a

14.5 a

c.v 27.9 I 1.3 15.9 I 1.7 12.3 6.4
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grohrn on chemical fallow had a significantly higher protein

conLent than aIl other treattnents. It $¡as followed by wheat

grown on conventionally tilted soil and by wheat sown into

standing stubble. Protein content decreased as stubble

height increased, but the <1if f erences vrere not signif icant "

There \¡ras a highly signif icant negative correlation ( r =

-.586) between yield and protein.

Comparison of Spring Wheat and Winter Wheat

There were no significant, differences between yields of

spring wheat and yields of winter wheat (Table 3). The

yields of the spring wheat at the lower end of the

range, and compared favorably with the winter wheat grohtn on

chemical faIlow and conventional tillage. Zero-tilled spring

wheat had a slightly higher yield than convenLionally tilled

spring wheat.

The protein content for spring wheat was significantly

higher than that of winter wheat " The ? grain protein vtas

14.3% f.or conventionally tilled wheat and 13.58 for zeto-

tilled wheat.
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Experiment 3

Snow Depths

There v¡ere marked d if f erences in snor¡¡ retention during

the winter of 19Bl-82 (Eigure 3), despite the fact that pre-

cipitation vüas below normal. Af t.er receiving 20OZ of normal

precipitation in OcLober, only 44e" of normal precipitation

r¡ras received from November to March (Appendix Table 2\ 
"

The first snowfall, resulting in the accumulations of 2

cm occurred on October 2lst, but melt.ed af ter 2 Lo 3 days

(Figure 3). Permanent snow cover started December 20th, when

a light snowfall filled the furrows to a depth of I cm. Sub-

sequent snowfall on December 22nd provided a cover of 5'L2 cm

over the entire experiment, with the higher amounts trapped

in the stubble treatments. Additional snowfall during t.he

first week of January increased the snoht cover to 9 cm

chemical fallow, L4 cm on conventional ti}Iage' 15 cm on the

7.5 cm stubble, L7 cm on 15 cm stubble, and 23 cm on the 30

cm stubble. The exact amounts of sno\^¡ cover varied with

additional snowfall and drifting, but the relative order of

accumulations remained the same throughout the ì¡¡inter"

The reason for the substantial accumulations of snow on

the chemical fallow ploLs is that t.he hoe-drill used to seed

the plots left furrows of 4-5 cm depth. These furrows

remained throughout the winter, holding 3-4 cm of sno\,r during
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Survival and Growth of
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He ight
Win te r
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Figure 3. The effects of stubble height on sno\,/ retention duríng the winter of 19BI-82.
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this time. Nearby plots which had been fallow, and whictr

lrere not seeded with the furrow drill, v/ere bare for a large

part of the winter.

The height of the stubble on the conventionally tilled

plots and the 7.5 cm plots did not differ, because the

stubble on the conventionally tiIIed plots, which v'/as origi-

nally about 15 cm in height, had been flattened by the

tillage operations. Mean stubble heights for the conventj-on-

alty tilled plots and 7.5 cm stubble plots were 9 cm and 9.6

cm respectively. Stubble density was 42 sLanding straws per

square meter for the conventionally tiIled plots, and L94

standing straws per square meter for the 7.5 cm stubble

plots. When combined with the effect of the furrows caused

by seeding, the stubble density did not have any effect on

snov/ retention.

The actual measured stubble heights \Mere 26.4 cm for the

30 cm measured stubble plots and L5.2 cm for the I5 cm

stubble plots. Snow cover was closely related to stubble

height for these two treatments.

All treatments \^/ere bare by March 23td, except for the

30 cm stubble plots where I to 2 cm of slush remained in ttre

bott.om of the furrows. fhis would imply that the snov/ melted

at a faster rate on the higher stubble treatments (pigure 3 ),

(wirris et ãI., L969) .
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Soil Temperatures in Winter

The air temperatures and the resultant soil temperatures

v/ere very different during the winter of 19BI-82 (Appendix

TabIe 2), when compared to the winter of f9B0-81 (Appendix

Table f). Temperatures for November vtere 5oC above normali

December, February and March vJere near normal; and January

r¡Jas 6.5oC below normal . Temperatures did not f luctuate as

much as they did the previous year, remaining below freezing

from the end of November to the middle of March, with the

exception of two brief thaws. The thaws, which occurred on

December 20th and February l7th, were not warm enough to melt

the snohr, although the warm spell on February ITth caused a

reduction in snohr depths.

Snow cover had an effect on soil temperatures (Figure

4). The soil temperatures at the 2.5 cm depth paralleled air

temperature unLil substant.ial snow accumulated at Lhe end of

December. SoiI temperaLures did not drop as rapidly as the

previous year, due to above normal temperatures in November

and early December. The soil \¡Jas also very wet as a result

of october precipitation, and this will have increased the

abilit.y of the soil to retain heat (Hay, I977). There v¡as

very Iittle difference in temperature between treaLments,

with the chemical faIlow and the 7 "5 cm stubble generally

being about I to zoc higher than the other treatments.

Differences in temperature between t,reatments became

noticeable with t.he first substantial snowfall, at the end of
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December, and lasted unti-r earry March, with the exception of

a thaw on February 17th. fhe temperatures of the 30 cm stub-

ble plots were warmer than those of the t5 cm stubbre prots.

The 7.5

lowest

plots.

stubble

January

cm stubble plots had lower temperatures with the

temperatures recorded on the conventional tillage

Tlre soil temperature at the 2.5 cm depth in the 30 cm

treatment remained at -3 oC until readings stopped in

The temperatures in

-5oC and -7oC. The

due to equipment malfunction.

the 15 cm stubble plots remained between

7.5 cm stubble and the conventional tillage, aside from an

increase in temperatures in early January, averaged about

-1O'C and -I2oC respectively.

The brief increase in temperature observed in the 7.5 cm

stubble and conventionally tilted plots is due to the insula-

tion of the snov/. Ttris slowed the rate of cooling, êItowing

the warmer soil at greater depths to influence surface tem-

peratures. Ttre soil cooled again following drifting and

removal of snow from these plots. Even after drifting,

enough sno\^r was retained on the 15 cm and 30 cm stubble plots

to protect against a sudden lowering of the temperature.

The soil temperatures at 2.5 cm corresponds with the

amount of snow trapped on each plot. Due to unexplained

equipment malfunction, soil temperatures were not obtained

for the chemical fallow plot from December 2Oth to Marctr

28th. Some idea of the temperature in the chemical fallow
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plots relative to other treatments can be obtained by compar-

ing temperatures at the t0 cm depth (eppendix Tables 7, B, 9,

10). Also, although survival v/as good (faUte 9), some thin-

ning of the stand occurred in exposed locations, so tempera-

tures \^/ere probably very near the lethal temperature at

times.

The snow accumulations of the 7.5 cm stubble and the

conventional tillage treatments are very similar. The warmer

soil temperatures in the 7.5 cm stubble could be attributed

to increased rates of straw mulch on the soil surface.

Frost Penetration

Measurements were taken on April 27, I9A2, to determine

the depth of the receding frostr âs weII as the thickness of

the frozen soil layer. T'here were no significant differences

between treatments in the amount of ground-frost retreat that

had occurred (raUte 4). When the energy requirements of

melting the various sno\^/ depths are considered, it appears

that any prospective albedo related energy absorbtion advan-

tage in bare soil is offset by energy loss by evaporation

brought about by increased windspeed (Sawatzky, f9B3). There

was a highly significant treatment effect on tl-e depth of

frost penetration, and therefore also on the total depth of

f rozen soil. There \À/as signif icantly less frost penetration
-bf the soil under the 30 cm stubble plots (table 4) . The

residual layer of f.rozen soil on April 27Lh ranged from 64.3

cm for the chemical fallow, down to I9.3 cm for the 30 cm



Depth at Whlch

Frost Starts (cm)
Depth af Whlch
Frost Stops (cm)

Total Depth of
Frozen Sol I (cm)

Mean Plot Snow Depfh
Dec. 29 to March lBTreafment

Chemlcal Fal low

Convent I ona I

Tl I lage

7,5 cn Stubble

15 cm Stubble

50 cm Stubble

43.0 a

44.7 a

43.3 a

46.3 a

44.0 al 108.5 a

99.3 a

95.7 a

88.7 a

66.0 b

64.3 a

56.3 a

51.0 a

45.3 a

79"3 b 19.8 a

4.9 d

7.8 c

1t.4 b

8.4 c

60

TABLE 4

The Effects of Stubble Helght on Snow Retentlon
and Subsoquenf Ground Frost Penetratlon

on Aprll 27, 1982

ns ln columns followed by the same letter do not differ slgnlflcantly at the.05 level"
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stubble plots " Less energy would then be needed to thaw the

frozen soil, primarily in the replacement of latent heat of

crystallization, which may be available to influence crop

growth in spring or early summer (Sawatzky, f9B3).

The mean treatment snow depths for the time December

30t.h to March lEth , J-9B2 \^/ere calculated for each treatment

(Table 4). AIl treat,ments differed significantly in the

amount of sno\ir retention except for the 7 .5 cm stubble, and

the conventional tillage, which did not differ"
There was a highly significant negative correlation (r =

-.795 between plot sno!ù depth, January 6t,h to March lBLh, and

the Lotal depth of the frost layer.
\

Soil Moisture

Volumetric soil moisture was determined to a depth of 25

cm on October 7th (Appendix Table 2). There v¡ere no signifi-
cant differences between treatments " This is to be expected

due to the above average precipitation at this time of year.

AIso, the evaporation from the soilr âs well as the transpi-
ration from the plants, would be low due to decreased tem-

peratures and low levels of insolation"
The following springr orì ApriI 26Eh' there were signifi-

cant differences in volumetric soil moisture in the top 25 cm

of soil (Appendix Table 2'). 'Ihe 30 cm stubble plots had

significantly more moisture than any ot,her treaLmenL" The

chemical fallow plots had significantly less moisture than

all other treatments except for the 7 .5 cm stubble plots.
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AII other treatments did not differ. The snow retention

resulted in increases in soil moisture content after melting.

As expected (Black a Siddoway, L977 ) , the increases in mois-

ture were greater where more snow \¡¡as retained,

Soif moisture measurement throughout the summer showed

considerable variation. On llay 22nd, soil moisture levels in

the plots vüere much different than on April 26th. The con-

ventionally tilted plots had the highest volumetric water

content, significantly greater than the chemical fallow or

the 30 cm st,ubble plots. The 30 "f stubble plots had a sig-

nificantly lower soil moisture than any of the other plots.

There may be several reasons for this" A rainfall of I8.3 mm

occurred within one week of sampling. Also, it was noted

that the conventionally tilled plots \^lere Iess permeable to

water. Water ponded more quickly on these plots, and the

puddles lasted longer after a rain. This may loe the result

of a compacted layer caused by cultivation. One of the

reasons for the significantly lower moisture levels in the 30

cm stubble plots may be the increased permeabitity of zero-

t.i11ed soils (Baeumer & Bakermans, 1973) " The smaller

amounts of frozen soil in these plots would also have thawed

faster (Staple and Lehane, L952), allowing the water to per-

colate through the soiI. The Lhicker frozen layers on the

other treatment.s would have prevented downward movement of

the water unLil the soil thawed at a later dater so the

surface would have remained wet longer.
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On June 2lst, the chemical fallow plots had significant-

ly lower soit moisture levels than did tl-e 30 cm stubble

plots. Increased surface evaporation during the last month,

as well as increased water usage by the crop, flây account for

this difference. fhe wheat seeded on chemical fallow had a

significantly higher dry matter per square meter ttran any of

the other treatments on June 22nd (table 10 ), indicating a

greater potential for transpiration. AIl treatments had a

lower soil moisture content than they did on May 22nd.

On July 2OLTI, the 30 cm stubble plotø had significantly

more moisture ttran the 7.5 cm stubble plots. AIl other

treatments did not differ significantly from either of these

two.

Sprinq Soil Temperatures

Temperatures at the 2.5 cm depths did not usually vary

more than 3oC between plots (ta¡te 5). on May lsth, the

chemical fallow plots had significantly higher temperatures

than the 30 cm stubble plots. Temperature decreased as

stubble height increased. The conventionally tilled plots

were cooler than the ctremical faIlow but warmer than the

stubble plots. As the sunìmer progressed this trend gradually

reversed itself, although differences \^Iere not significant

until June Bth. At this time the 30 cm stubble plots trad the

highest temperatures, significantly higher than aIl other

treatments. The chemical fallow treatment was significantly
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lower than all other treatments except. the conventionally

t.itled plots 
"

The soil temperatures at the 5 cm dept.h f ollowed the

same trend as those at the 2.5 cm depth (Table 6). On May

15th, the chemical fallow plots had significantly higher tem-

peratures than the stubble plots. This continued to the end

of May. On June lst, the 30 cm stubble plots had signifi-

cantly higher ternperatures than the conventionally tilled

plots. On June 8th, 30 cm stubble plots were significantly

higher in temperature than all other plots. Tentperature on

this date increased as stubble height increased. Temperature

on l{ay l8th, 2Bth and June 4th did not differ significantly

between treatments.

Temperatures at the l0 and 20 cm depths (Tables 7'8)

followed the same t.rends, that is during rnid-l'tay the chernical

fallow plots had significantly higher t.emperatures, and by

early June the 30 cm stubble plots had t,he highest tempera-

tures. This change seemed to come sooner as t.he depth in-

creased

Initially, when temperature readings vlere starLed, the

soil !Ías shaded mostly by the stubble in those plots with

standing stubble, These plots registered t.he coolest tem-

peratures at. this time, cooler than t,he chemical f allow or

tilled plots, which had a darker surface. Zero-tilled soils

are sfower to warm up in spring, due to trash cover (Gauer,

f982). As time progressed' the plants grew, and by the end
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TABLE 5

Mid-day Sol I Temperatures at 2.5 cm Durlng
the Sprlng of 1982 ln Flve Stubble Helghts

Means ln columns followed by the same lotter do not differ slgnlflcantly at the.05 level.

Treatment

Date
May 15 May l8 May 22 May 25 May 28 June I June 4 June I

Chemlcal Fal low

Convent I ona I

Tlllage

7.5 cm Stubble

l5 cm Stubble

50 cm Stubble

18.6 a
I

16.9 ab

18.0 ab

16.8 ab

16.5 b

13.7 a

15.8 a

13.4 a

15.1 a

l5.l a

20.8 a

20.0 a

19.6 a

18.7 a

20"3 a

22.Q a

21 "4 a

21"1 a

20.9 a

23.4 a

22"7 a

21 "4 a

22.3 a

22.1 a

22.3 a

15.6 a

12.8 a

15.1 a

15.6 a

15.6 a

18.1 a

lB.5 a

19.0 a

19.8 a

20.5 a

9.4 c

9.8 bc

10"2 b

10.5 b

ll.0 a
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TABLE 6

Mid-day Sol I Temperatures at 5 cm Durlng
the Sprlng of 1982 ln Flve Stubble Helghts

lM"un. ln columns followed by the same letter do not differ slgnlflcantly af the "05 levol"

Treatmenf

Date
May 15 May 18 May 22 May 25 May 28 June I June 4 June I

Chemlcal Fal low

Convent I ona I

Tl I lage

7.5 cn Stubble

l5 cm Stubble

30 cm Stubble

16.5 a
I

14.7 ab

14.4 b

13.5 b

13"6 b

12.3 a

ll.9 a

ll.4 a

10.6 a

10.5 a

18"5 a

16.7 ab

16.5 ab

15"3 b

16.l b

18.7 a

17.4 ab

17.5 ab

16.4 b

18.5 ab

20.3 a

18.5 a

19.8 a

17.6 a

2Q.2 a

I 1"5 ab

l0.l b

,l0.8 ab

10.6 ab

It.7 a

15.3 a

15.3 a

15.6 a

16.0 a

17.5 a

9.0 c

9.1 bc

9.5 bc

9.7 b

10.8 a
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TABLE 7

Mid-day Sol I Temperatures at l0 cm Durlng
fhe Sprlng of 1982 ln Flve Stubble Helghts

lM"un. ln columns followed by fhe samo lotler do not dlffer slgnlflcantly at the.05 lovel.

Treatment

Date
May 15 May l8 May 22 May 25 May 28 June I June 4 June I

Chemlcal Fal low

Convent I ona I

Tl I lage

7.5 cn Stubble

15 cm Stubble

30 cm Stubble

ll.7 a

10.7 ab

10.7 ab

10.4 b

9.7 b

9.5 a

9.5 a

8.8 a

8.8 a

8.4 a

15.8 a

12.5 ab

12.4 b

ll.9 b

ll.8 b

14.0 a

13.1 a

15.0 a

12.5 a

15.5 a

16.0 a

15.2 a

15.8 a

15"5 a

16.4 a

8.7 b

8. I b

b8.5

8.9 ab

9.6 a

12.3 ab

12.1 b

12.6 ab

l5.l ab

14.1 a

8.3 d

8.6 cd

9.0 bc

9.3 b

10.2 a
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TABLE 8

Mid-day Sol I Temperafures at 20 cm Durlng
the Sprlng of 1982 ln Flve Stubble Helghts

lM"un. ln columns followed by the same letter do not differ slgnlflcantly at fhe '05 level.

Treatment

Dafe
May 15 May l8 May 22 May 25 May 28 June I June 4 June I

Chemlcal Fal low

Convent I ona I

Tl I lage

7.5 cm Stubble

t5 cm Stubble

30 cm Stubble

7.4 a
I

6.8 ab

6.6 b

6.4 b

b6.3

7.2 a

6.6 a

7.0 a

6.9 a

6.8 a

8.9 a

8n6 a

8. I a

8.1 a

9.2 a

9.9 b

9.6 b

b

b

9.3

9.2

ll.0 a

12.3 b

12.0 b

b

b

11.9

1l .8

15.4 a

7.6 b

7.2 b

7.7 b

7.1 ab

9.2 a

8.9 b

8.8 b

9.2 b

9.5 b

ll.l a

7.7 d

8"0 cd

8.5 c

9.2 b

9.9 a
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of May, most of the shading was due to the winter wheat

plants. The plants completely covered the interrow spaces by

June Bth, when sampling vüas stopped. Once the variation in
plots due to surface cover lvas overshadowed by plant growth,

the zero-Eilled soils warmed faster, possibly due to the

higher thermal conductivity in the surface layers (Gauer,

L9B2) and the lack of heat requirements for the melting of
residual ice at greater depths (Sawatzky, f983). The chemi-

cal fallow plots also had a greater vegetative growthr so

t.hey would shade the ground and increase the boundary layer,
thus making the conduction of heat into the soil more

difficult.

Winter Survival

The fall planL counts were done on October 14t.h, about 40

days aft,er seeding. All plants should have emerged by this
time. The counting was complicated by the presence of volun-

teer barley. The 30 cm stubble plots and the 15 cm stubble

plots had signif icant,Iy higher plant populations than t.he

conventional tillage plots (Table 9). The 30 cm stubbl-e

plots \¡rere also signif icantly higher than all others, except.

for the 15 cm stubble plots. There was a highly significant
correlation (r = .638) between stubble height and plant popu-

lation in the fall . zero-titled soils have been shown to be

lrarmer in the falI, both because of the insulation of the

straw mulch, and because the standing stubble lowers wind-

speed, decreasing convective cooling (Aase * Siddoway, f9B0).
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TABLE 9

Wlnter Survlval and Growth of Wlnter Wheat ln 1982

When Grown ln Flve Stubble Helghts

I M"un, wlthln columns followed by the same lotter are not slgniflcantly different at the '05 level'

Treatment P lant Counts,/m2
I

Surv I va I Plant Counts Tlllers per Plant Heads/n2

Oct.10 May 14 Junø 22 May 14 June 22 Junø 22

Cheml ca I

Fal low

Convent i ona I

Tl I lage

7.5 cn Stubble

15 cm Stubble

30 cm Stubble

l4l bc
I

129 c

139 bc

154 ab

164 a

149 a

l0B a

l5l a

155 a

133 a

106 a

84a

94a

87a

81 a

155 a

ll3 a

129 a

128 a

l0B a

5.3 a

3.6 b

3.3 b

3"4 b

b3.8

6.1 ab

6.1 ab

5.6 b

6"1 ab

7.0 a

973 a

791 b

867 ab

926 ab

899 ab

c. v. 9.1 19.0 18.4 13.9 16.6 l1.l I 1.5
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Increased soil temperatures should hasten the germination and

growth of winter wheat (Evans et âI., 1978).

There were no significant differences in plant popula-

tion in spring. On May l3th, the chemical faltow plots had

the highest number of plants per square meter, and the con-

ventional tillage had the lowest. The reason for the low

plant, populations in the conventional tillage may be water

ponding. It was noted that water ponded in low lying areas

on the convenLionally tilled plots but not in the adjacent

zero-tiIled p1ots" In some plots, areas v¡ere present where

all winter wheat plants \¡tere killed. This probably occurred

during March and April when the water ponded and then froze.

Rakitina (L977) has shown this to be lethal to winter wheat.

There were no significant differences in winter survi-

val, even though it ranged from 106? for the chemical fallow

plotsr down to 813 for the 30 cm stubble plots (Table 9).

The 1063 survival for the chemical fallow plots may be due to

the more accurate destructive sampling carried out in spring "

The chemical f allow plots also warmed up f aster in t.he

spring¡ so any seeds that had germinat.ed, but not emerged in

the f aIl witl have resumed growt,h sooner than in other

plots.

The reductions in plant population, especially in

cm stubble plots and the conventionally tilled plots,

due in part to waterlogging in the spring. Three of

cm stubble plots \irere situat.ed in low-Iying areas"

the

may

the

30

be

30
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Vegetative Growth

On l4ay l3t.h, the wheat grovün on chemical fallow produced

significantty more dry matter per square meter than wheat

grown on any other treatment (Tabte I0). Wheat grol/rtn on all

other treat,rnents did not dif f er f rom each other, This dif -

ference in dry matter was due to the significantly larger

plants growing on the chernical fallow plots"

The wheat growing on chemical fallow also had signifi-

cantly more tíllers than wheat growing on any of the other

treatmenLs (TabIe 9).

The increased vegetative growth of wheat seeded on chem-

ical fallow as seen by plant dry weights (Table f0 ) could be

due to a number of f actors. The soil temperature t¡/as warmer

on the chemical fallow plots early in Lhe growing season

(Figure 4). This would lead to more rapid rooL growth' which

in turn, would increase the nutrients and moisture available

to the plants (Smika and Greb, L973). The wheat growing in

the chemical fallow ptots would also benefit more from solar

radiation, as there would be no straw or standing stubble to

shade it. During the 1981-82 growing season, the chemical

fallow plots also had a greater amount of available nitrogen

at the t.ime of seeding" The plants would have benefited from

this, both in fall and during spring regrowth, before the

broadcast nitrogen application on May 3rd.

There were no significant differences in plant popula-

tion on July lst, and populations r^lere not very different

f rom May 13t,h (Table 9) .
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TABLE IO

Dry Matter and Yleld of Wlnter Wheat in 1982
When Grown in Five Stubble Helghts

Means w¡thin columns followed by the same letter are not slgniflcantly different at lhe.05 level.

Treatment Dry Mafter,/m2( g ) Dry Matter,/P lant (g ) Yield kg,/ha fi Protein

May l4 June 22 Mav 14 June 22

Chem I ca I

Fal low

Convent iona I

Tillage

7.5 cn Stubble

l5 cm Stubble

50 cm Stubble

Spr i ng Wheat,
Zero-Ti I lage

Sprlng Wheat,
Convent i on-
ally Tilled

61 .2 a

31.2 b

33.5 b

27.0 b

29.6 b

894.7 a

632.3 b

656.0 b

677.0 b

b661.0

0.41 a

0.t0 b

0.24 b

0.20 b

b0.22

6.73 a

5.73 bc

5.04 c

5.33 bc

6. 14 ab

3985 a

5805 a

4428 a

3692 a

3771 a

2233 b

2241 b

13.0 b

10.7 d

1 1.4 cd

I l.B cd

10.5 d

14.4 a

14.9 a

C. V. 34 13.9 24.6 9.32 16.0 5.7
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The wheat seeded on chemical fallow had a significantly
greater dry mat,ter per square meter than did any other treat-
ment (Tab1e l0). The wheat seeded on the conventionally til-
Ied plots had the lowest dry mat.ter per square meter, but it
was not significantly different from any of the zero-EiIled
stubble plots.

The number of titlers per plant increased in all cases'

even though at the later date only fertile tillers vtere coun-

ted. The highest average number of tillers per plant, 7.0,

was in the 30 cm stubble, but this \^tas signif icantly dif f er-
ent only from the 7.5 cm stubble plots, which at 5.6 had the

lowest number of tillers per plant. AIl other treatments did

not differ from these two in regards to tillers per plant
(Table 9 ) .

The average dry matter of individual plants showed much

greater variation in July than they did in I'Iay (Table I0 ).
The wheat seeded on chemical fallow had a significantly
greater plant dry weight. than alI other treatments except. for
the wheat seeded into 30 cm stubble " The wheat seeded in 7 .5

cm stubble had the lowest dry weight per plant, but did not

differ significantly from the wheat. seeded in conventionally
tilled soilr or into 15 cm stubble.

The greater number of heads/rn2 in the chemical fallow
did noL result in a significantly greater yield.

Yield and Protein
There were no significant differences in yield between

treatments in 1981-82 (Tab1e l0 ) " YieId ranged from a high

of 4428 kg/ha for wheat seeded into a 7 .5 cm stubble, to a

Iow of 3691.5 kg/ha for wheat seeded into t5 cm stubble. The
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highest yierd was obtained on plots with the rowest number of
tillers per plant. Under the stress due to the lodging,
these prants may have been able to firr the grain to a rarger

degree.

Several factors may have minimized the yield differences
between treatments. The first was an infestation of vorun-

teer barrey in the farr of 1981, whictr emerged shortly after
the wheat crop. It grew to a height of 10-12 cm before being

killed by frostr so it would have competed with ttre wheat for
space, light and nutrients. Ttre barley cover also minimized

the effects of the straw mulch and stubble in effects on

microcrimate. T'he barrey was practically non-existent on the

chemical fallow plots, perhaps giving them an unfair advan-

tage in this regard. The wheat was smottrered in spots due to
the mat of dead plants in the spring. Since the infestation
which occurred on all plots was very spotty, it was hard to
determine the effect this had on the plot yietds. yields

hrere determined for small areas of comparabre infestation
(Appendix Table l-2). Only very heavy infestations had a

significant effect on wheat yieId.

The second factor which may have served to minimize
yield differences v/as the lodging of the wheat. This first
occurred about JuIy 12th, after a heavy rain storm. Only the
wheat growing on chemical fallow was badly lodged, due to its
Iush growttr and greater height. AII other plots v/ere bent

slightly. A l-ater storm about JuIy l8th flattened aII the
plots. T'he plants were at the milk stage r so with ttre bent
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and twisted Stems, a decreased suppty of water and nutrients

wiII have hindered grain fitling' and decreased yield"

The wheat seeded on chemical fallow had a significantly

higher protein content than any of the other treatments

(Table I0). There were no statist.ically significant differ-

ences beLween any of the other treattnents. Since high pro-

tein content is correlatecl with high leveIs of nit.rogen in

the soil, the wheat grown on chemical fallow had a double

advantage in this regard. First, Lhe chemical fallow plots

had a much larger amount of available nitrogen, because it

was not depleted by the previous crop. Secondlyr there were

no crop residues present to immobíLize the nitrogen that was

broadcast in spring.

There was a highly significant correlation (r = .665)

between protein content of the grain and plant dry matter on

July lst, probably because the wheat seeded on chemical fal-

low also showed t.he most vegetative growth, again due to the

large arnount of available nitrogen.

Comparison of the Yield and Protein of

Sprinq Wheat and lrlinter lVheat

The yields of zero-titted and conventionally tilled

spring wheat were significantly lower than yields of winter

wheat (Table l0)r differing by 1400 to 2200 kg/ha. There

were some fungal diseases in the spring wheat. which probably

reduced yield to slightly below average. The late seeding on
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May 25th may have been detrimental to producing optirnum

y ields .

The spring wheat had significantly higher proteín con-

tent than did the winter wheat. There were no significant.

differences in protein between spring wheat. sown in conven-

tionally t.illed soil and zero-tiLled spring wheat.

and So Cover

The influence of sno\tl depth on soil temperatures during

the winter is illustrated in Figures 5t 6t'7t and B" Snow

depth had a marked influence on the effect of air t.emperature

on soil temperature.

With sno\Ar depths of only 0-1 c'rrr there v¡as a direct.

relationship between air temperature and soil temperature

(Figure 5). The correlation between air and soil temperature

was highly significant (r = .975) " The slope of this rela-

tionship vüas less than I due to the insulative value of the

sno\¡rr âs well as t,he latent heat in t.he soil. The line does

not pass through the origin because when air temperatures

near zero were recorded, soil temperaLures during the thaws

vTere still below zeya. Vüith these minimal amounts of snow

cover, a soil temperature of -16oC could be expect,ed at the

2"5 cm depth when air temperatures <lrop below '23oC. Crown

temperatures of -l6oc are considered dangerous or lethal for

winter wheat. In tight. of the recorded air temperatures
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during the winters of 1980-8l and 1981-82' winter wheat would

be in dange¡: of winterkill with these minimal amounts of snol¡t

cover.

At a snow depth of 4 to 7 cm, the relationship between

air temperature and soil temperature is not as strong (Figure

6). There is still a significanL correlation (r = .479)

beLween the two. At these snol¡/ depths , aLr temperatures

could drop t.o alrout -44oC before the soil temperature would

drop below -l6oC at a 2.5 cm depth. At these snohl depthsr âs

weII as greater dept.hs, soil temperatures do not reach 0"C

when air temperatures do. When air temperatures occur that

are above f ree zing, the sno\¡t insulates the soil f rom Lhe

warmer air. The soil temperature at 2.5" cm is also affected

by the froaen soil at greater depths. When soil temperatures

do \^rarm up to near OoC, the sno\¡t melts t ot shrinks in size,

so that. it is no longer possible to consider the relationship

a t t.he or ig inal depth .

This is especiatly evident in Figure 7 and B, which show

the soit temperature versus air temperature relationship at

l0-13 cm snow and 16. 20 cm snow respectively. Snow accumula-

tions of these depths hlere much harder to come byr especially

on those days when Lhe depths dere measured r so the sample

s ize is t imited. AIso, most of the temperaL.ures f or the

10-13 cm depthr and all of the temperatures for the 16-20 cm

depth hrere from the winter of 1981-82. Snow did not accumu-

Iate to these deplhs in 1980-81. In L9BI-82, sno\¡¡ fell
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on ground t,hat was f.rozen but not very cold, and remained all

winter. In those plots where sno\,it accumulations r¡rere sub-

stantial, the insulation provided by the snow kept the soil

temperatures from dropping to near Iethal temperatures. The

snow also insulated the soil from increases in air tempera-

ture r until the sno\âr melted. These factors account for the

low correlation (r = .246 and r =.07f) between air tempera-

ture and soil temperature under 10-13 cm snovrt and L6-20 cm

snow respectively.

In aII casesr no distinction vras made between tempera-

ture readings during rising or fatling temperatures, because

of a shortage of data points" A hysteresis effect would be

present (Crawford and Legget' 1957), although this would be

minimal at a 2"5 cm depth.

Experiment 2 The Effect.s of Four Rates
Mulch on the Survival and

Wheat I9B0-Bl

of Barley
Growth of

Straw
Winter

Snow Cover

The snohr cover \¡tas fairly consistent over all the plots

due to the 15 cm stubble. The mowed Lreatment plots were too

small for t.he wind to blow them clear of snoì¡t. The snovrt

depths throughout the winter \¡rere very similar to those of

the 15 cm stubble height in Figure l"

Soil Temperature

As a ruIe, soil temperatures paralleled air tempera-

tures, but did not show as much fluctuation (Appendix Table
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13 ) . fhe soil temperatures of the plots having 30OO kg/ha

mulch did not correspond to the other mulch rates or to the

air temperature until mid-February. Presumably this is ttre

result of a malfunction in the temperature recording equip-
ment rather than a reflection of the actual temperature. The

rate of mulch did not exert a strong influence on soil tem-

perature. fhe mowed treatment with no mulch generally Ìrad

the lowest temperature, but it did not differ from the high-

est temperature by more than one or two degrees (Appendix

Table f3 ) .

Survival

It is not possible to present data for the survival in

this experiment because fall plant counts were not taken.

There v/ere no significant differences in plant stand between

treatments in spring. Rate of mulch was not correlated to

plant stand in the spring.

Veqetative Growth

The amount of vegetative growth in spring was measured

on May 12th. At this time there were no significant differ-
ences in the number of tillers per plant, dry weight per 

^2
or stage of growth as measured by Feekes scale (fabte lf ).
The plots with the 3000 kg/ha mulch were lowest in all three
measurements, although the difference v/as not significant.
This may be because the straw on this treatment was not chop-

ped as finely and interfered with plant growth to a greater

extent.
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TABLE I I

Plant Populatlon, Dry Matter, and Yleld of Wlnter Wheat ln 1982

When Grown ln Four Rates of Barley Crop Resldues

Means wlthln columns followed by lhe same lotter are not slgnlflcantly dlfferent af fhe.05 level.

Treafment
P lant Counts,/m2 Tll lers./Planf Dry Mafter./rn2

Growfh
Stage

( Feekes )

Yield
kg,/ha

I Proteln

May 12

Norma I

Raked

I 500 hglha
Mulch

5000 kg,/ha

Mulch

4500 kg,/ha

Mulch

Mowed and

Raked

132 a

120 a

I l7 a

lll a

135 a

127 a

3.3 a

5.6 a

3.4 a

2.7 a

3.3 a

2.9 a

12.2 a

l0.l a

10.5 a

8.2 a

13.0 a

10.6 a

2.7 a

2.8 a

2.9 a

2.7 a

2.9 a

2.8 a

5761 a

3678 a

3940 a

3735 a

4082 a

3838 a

10.8 a

ll,3 a

11.5 a

10.9 a

l0.B a

11.2 a

c.v 12.9 17.5 43.O 9.5 11.2 8.7
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YieId and Protein

There were no significant differences in yield (Table

11). It ranged from a high of 4081.5 kg/ha for the treat,ment

having 4500 kg/ha of straw mulch to a low of 3678.3 kg/ha for

the treatment without mulch. Protein content of bhe grain

ranged from l1, 5E to 10. BE. There were no significant

d if f erences between treatment.s. There vtas a signif icant

negative correlation between protein and dry matter (r =

-.419).

Experiment 4

Snow Depths

There !úas a continual snohr cover on the

December 2lst to lvlarch 21sL. The snow depths on

than on the stubble plots, especially where

The Ef f ect.s of Four Rates

Ivtulch on the Survival and

lfheat l9BI-82

or more adjoining

than the previous

f rom t.he plots.

of Barley Straw
Growth of Winter

mowed plots. AIso,

year r so the wind vûas

Average snow depths

the entire experiment

plots from

the mowed

plot

able

from

vtere

plots hrere Iess

there vüere two

s i ze \¡¡as larger

to clear sno\^t

December 29th t.o March 2lst over

L2.4 cm and 8.2 cm f.o'r stubble and mowed treatrnents respect-

ively. Snow dept.hs on the replicate where temperatures vrtere

monitored, averaged 14.1 cm and 8,6 cm f.or stubble and mowed

plots respectively.
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SoiI Temperatures

The effects of straw mulch on soil temperatures tr.¡as min-

imal (Appendix Tabte 14). This can be attributed in part to

the complicating effect of the snoh/ cover on the plots for

most of the winter. At no time did the soil temperatures at

a 2.5 cm depth come close to lethal temperatures in any of

the plots. Average mean temperatures from November 22nð, to

Iularch 28th v/ere -4.4, -4.4, -4.6 and -3.6oC for plots with 0,

I500, 3000, and 4500 kg/ha barley straw mulch respectively

(Appendix Table 14). This includes both mowed and stubble

treatments, and shows the mulch may Ïrave an insulating

effect. During the same time, tÏre mean temperatures for all

mowed and stubble treatmenLs \i\Iere -4.7"C and -3.9oC respect-

ively. Ttris difference in temperature could be accounted for

by the difference in snov/ depths.

During the period from October 4th to November 22nð,, the

average temperatures increased as the rate of mulch increased

from 3.5oC for the treatments having no mulch, to 4.2"C for

treatments having 4500 Ug/ha mulch. Ttre mulctr could be

expected to insulate the soil, thus raising the average

temperature during this period of falling temperature.

In spring, from March 28th to May Bth, the average tem-

peratures were lower as rates of mulch increased (Appendix

Table f4). Temperatures ranged from 3.BoC for plots having

no mulch, to 2.4"C for plots having 4500 kg/ha mulch.
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It \^/ouId appear that the straw mulch had very lit,tle
effect on the winter wheat during the winter, as soil temper-

atures are all below freezing, but well above lethal tempera-

tures.

Increased fall temperatures under a surface mulch may

give opportunity for more growLh in the fall. Lower spring

Lemperatures may also slow dehardening during spring thaws.

These effects would be beneficial, but in light of the small

differences in temperature, the differences seem negligible.

Winter Survival

There vrere significant differences in the plant stand

before winter (Table I2). The treatments with no straw mulch

had significantly higher stands than those treatments with

4500 kg/ha mulch, The inhibition may be due to smothering

(Anderson and Russel, 1964) or to the leaching of toxins from

both the fresh and decomposing straw (Cochran eL âI.n 1977¡

Kimber, L973). There was a highly significant negative

correlation (r = -.672\ between rate of mulch and fall plant

counts.

The same trend was apparent. in the spring (Table L2) "

Both of the 0 mulch treatments, as well as the 1500 kg/ha

mowed treatment had a significant,ly higher plant population

than did the stubble treatment with 4500 kg/ha mulch. All

other treatments did not differ significantly from eit,her the

0 rates of mulch or the 4500 kg/ha stubble treatment. There
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TABLE 12

Wlnter Survlval and Growth of Wlnter lfheat ln 1982

When Grown Under Four Rates of Barley Crop Resldues

Means ln each column followed by the samo lotter are not
slgnlflcantly dlfferenf af the "05 level.

Treatment P lant Counts,/m
2 Survlval, fi T I I lers,/

Plant
0cf. l5 May 15

Stubble 0

Mulch

Stubble 1500

kglha Mulch

Sfubble 5000
kg/ha Mulch

Stubble 4500
kg,/ha Mu lch

Mowed 0 Mulch

Mowed I 500
kg./ha Mu lch

Mowed 5000

kg,/ha Mu lch

Mowed 4500
kg,/ha Mu lch

159 ab I

152 abc

150 abcd

140 cd

167 a

144 bcd

136 cd

t5t d

154 a

150 ab

139 ab

ll8 b

149 a

155 a

l2B ab

150 ab

98a

86a

93a

88a

9la

107 a

95a

101 a

3"7 ab

2.8 bc

2.6 c

2"6 c

5.8 a

3.7 ab

3.5 abc

3.2 abc

c.v 8.5 13.0 16. I 18.7
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\¡¡as a significant negative correlation (r = -.440 between

mulch rate and spring plant counts.

When these two sampl ing dates were compared , there r¡ras

no significanL differences in winter survival bet.ween treat-

ments.

Vegetative Growth

There were significant differences in the extent of til-

Iering between the various treatments (Table L2). Both of

the 0 mulch treaLments, as well as the 1600 kg/ha mowed

treaLment, had significantly more tillers per plant than did

the 3000 and 4500 kg/ha mulch stubble treatments. This may

be the result of toxins leached from the straw (Cochran et

aI . , L977 ) or cooler soil temperatures ( Smika and ElI is '
f97f). The actual physical smothering may also have a detri-

mental effect (Anderson and RusseIl, 1964 ) .

The mowed treatment with no mulch had a significantly

higher dry matter per square meter than both 4500 kg/ha

treaLment.s as well as the 1500 and 3000 kg/ha stubble treat-

ments. (Table 13)

Generally, the trend was for the mowed treatments to

have a higher dry matter per square meter. ìllean dry matter

for mowed treatments, 28.46 g/^2 is significantly higher

than that of stubble, 19.56 g/m2. The stubble influences

the characteristics of t.he straw mulch. On the mowed treat-

menLs, the mulch is packed into a fairly dense mat¡ whereas
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on the stubble, the mulch is herd off the ground to some

extent, forming a deeper layer, which prevents the soil from

warming as fast in spring due to its greater insurative pro-
perties. This coul,il reduce tirlering and growth ( smika and

Ellis, t97l). The loose layer wilt also shade the plants for
a longer period of time, thus weakening them.

There are significant negative correlations between the

amount of mulch appried and the number of tillers per prant
(r = -.430), and between the amount of mulch applied and

plant, dry matter per square meter (r = -.435).
The dry matter of individual plants showed simirar

trends (Table 13). The mowed treatment with no mutch had

plants of a significantly higher dry. weight than the prants

of the stubbre treat.ments with mulch at the rate of 3000 or
4500 kg/ha" The mean plant weight for mowed treatments and

stubble treatments vúere 0 " 19 g and 0. r4 g respectively.
There was a significant negative correration (r = -.404)
between mulch rate antl plant dry matter.

The prants growing in the higher rates of mulch set
crohTns within the straw layer or on top of the soil surface

where they were rnore susceptibl-e to frost damage and drought"
Formation of tirlers and adventitious roots is stunted in
prants growing in a dry environment (Þ-erguson and Boatwright,
1968). These facLors may infLuence dry weight and vigor of
the plants.
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TABLE 13

Dry Matter and Yield of Winter lilheat ln l9B2
When Grown Under Four Rates of Barley Crop Residues

Means in each column followed by the same letter are not significantly different at the.05 level.

Treatment Dry Matter,/m2
(q)

Dry Matter,/
Plant (q)

Feekes Growth
Staqe

Yield kg,/ha I Protei n

Mav l3 June l4

Stubble 0

kg,/ha Mu lch

Stubble 1500

kg,/ha Mu lch

Stubble 3000

kg,/ha Mu lch

Stubble 4500

kg,/ha Mu lch

Mowed 0 kg/ha
Mulch

Mowed 1500

kg,/ha Mu lch

Mowed 3000

kg,/ha Mu lch

Mowed 4500
kg/ha Mulch

29.9 ab
I

18.4 b

15.0 b

14.9 b

36.4 a

32.8 ab

26"0 ab

18.6 b

0.19 ab

0. 14 ab

0.10 b

0.12 b

0.23 a

0.21 ab

0" 19 ab

0.14 ab

8.6 a

8.4 ab

8.5 ab

7.8 c

8.6 a

B.f ab

8.0 bc

7.8 c

3702 ab

3629 abc

3269 bc

2723 d

3833 a

3342 abc

3427 abc

3150 cd

1l.B a

12.0 a

11.6 a

11.1 a

l1.B a

11.0 a

11.4 a

12.0 a

c.v 45.1 36.5 5.0 B.B 6.2
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The plants in those plots with a lower rate of mulch

grehr and matured at a faster rate than did those plants grohr-

ing in heavily mulched plots (Table f 3 ) . On June 14t.h, those

plants growing on the mulch plots were significantly more

advanced t.han those on botE.h 4500 kg/ha mulch treatments, as

well as Lhe 3000 kg/ha mowed treatment, as determined by

Feekes gro\¡rth scale. The two 4500 kg/ha treatments hrere

significantly less advanced than alI other treatments except

for the mowed 3000 kg/ha treatment.. This trend was evident

until the time of maturity and harvest.

Yield and Protein

There is a highly significant. negative correlation (r =

-.673) between yield and rate of mulch. The two treatments

with 0 mulch differ significant.ly from the treatments with

4500 kg/ha mulch (Table 13). As the rate of mulch increases,

the yietd decreases. With the exception of the 1500 kg/ha

rate , the yield f or treatments with t.he stand ing stubble is
lower than the mowed treatments (nigure 9), although the

differences are not significant at the .05 level. Mean yield
for mowed treatments is 3438 kg/ha and for stubble treatments

it is 3331 kg/ha" Increasing rates of mulch affect plant

yield by decreasing the capacity for vegetative growth. High

rat.es of rnulch may also immobiÌ ize nit.rogen, especially when

the nitrogen is broadcast, making it Iess available to the

plants and thereby decreasing yieId.
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Experiment 5 A Comparison of the Effects of Rapeseed,
lVint.er Wheatr and Barley Straw on the
Survival and Growth of Winter Wheat

Winter Survival

There were no significant differences in the fall plant

counts (Table f4). The plots with the higher rates of barley

and winter wheat straw had the lowest plant populations.

This may have been due to physical smothering (Anderson and

RusseI, 1964) or toxins from the straw (Kimber, Lgl3) and

from microbial decomposition (Cochran et al., 1977).

The spring plant. population showed no significant dif-
ference between treatments (Table I4'), although the high

rates of barley and winter wheat straw had the lowest number

of plants per square meter.

The winter survival of the wheat was over I00å in aIl
treatments, indicating an increase in observed plant popula-

tion. This can probably be accounted for by the greater pre-

c is ion in the spr ing planL counts , in which plants r¡rere

removed from the soil for counting. The high survival would

also irnply that none of the treatments suffered winterkill
from cold temperatures.

Vegetative GrowLh

The rate and type of straw applied had a

effect

( Table

on tiller production when compared

14 ) . AII Lreatrnents with 1500 kg/ha

to

significant
the control

straw as well as
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TABLE 14

l,llnter Survlval and Growfh of Wlnfer Wheat ln 1982

When Grown Under Three Dlfferent Types
of Crop Residues Each Applled at Two Dlfferent Rates

lM"un, ln each column followed by the samo letfer are not
slgnlflcantly dlfferent at the "05 level.

Treatment Plant Counts/m2 $ Survlval Tl llers,/
Pl ant

Oct. l6 Mav 28 Mav 28

No Mulch
(Control )

1500 kg/ha
Barley Straw

5000 kglha
Barley Straw

1 500 kglha
Wlnter Wheat

Straw

5000 kg/ha
W lntor Wheat

Straw

1500 kg,/ha

Rapeseed

Sfraw

3000 kglha
Rapeseed

Straw

l9l a
I

l9l a

172 a

192 a

172 a

197 a

189 a

197 a

2Q9 a

174 a

2Q3 a

19l a

2Q5 a

196 a

105 a

109 a

101 a

106 a

lll a

105 a

104 a

3.9 a

3.6 ab

3.2 b

3"3 ab

3.1 b

3.5 ab

5.5 ab

c.v 8.8 12.1 9.8 I 1.56
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the treatment with 3000 kg/ha rates of winter wheat or barley

straw. The high rate of winter wheat or barley residue did

differ significantly from the treatment receiving no straw

residues. The rapeseed straw forms a less dense mat than ttre

cereal residues, shading the ground less . Under cereal resi-

dues, this could result in reduced light. and lowered soil

temperatures causing a reduction in tiltering (SmiXa and

Eltis, L97L). Toxins leached from the crop residue may also

reduce tillering (Cochran et â1., L977). The negative corre-

Iation between tiller production and rate of mulch (r =

-.508) was highly significant. Also, plots with the winter

wheat straw mulch h¡ere infected by tan spot Pyre nophora

trichostoma, the infection being more severe on plots with

3000 kg/ha residue than plots with 1500 kg/ha residue. In

both treatments, nearly a1I the plants were infected. The

Iower 2-3 leaves v/ere almost completely infected, while the

later leaves had occasional lesions. Plots with barley or

rapeseed straw mulches u/ere not infected to nearly the same

levelr âs these crops are immune to the disease and do not

have the spores on their crop residues. The disease disap-

peared with ttre onset of dry warm weather towards the end of

May.

Dry weight samples were taken on May 27Lh,

one month after regrowth began in spring. Ttre

no mulch had a significantly higher dry weight

approximately

treatment with

than aII other

Is ).treatments except the low rate of loarley residues (fa¡te
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TABLE 15

Dry Mafter and Yleld of tt'li nfer Wheat ln l9B2
When Grown Under Three DifferenT Types of Crop Resldues

Each Applled at Two Dlfferent Rates

Means ln each column followed by the same lotter are not
slgnlflcantly dlfferent at the.05 level.

Treatment
Dry
Matfer
/^2 <g)

Dry
Matter
Plant (g)

Yield
kg/ha

I Proteln

May 28

0 Mulch
(Control )

1500 kglha
Bar I ey Straw

5000 kg,/ha

Barley Straw

1500 kglha
W i ntor Wheat

Straw

5000 kglha
Winter Wheat

Straw

I 500 kg/ha
Rapeseed

Straw

5000 kg,/ha

Rapesood

Straw

185.4 a

155.9 ab

101.8 cd

139.9 bc

90.5 d

126.1 bcd

128"3 bc

0.95 a

0"74 b

0.63 bc

0.66 bc

0.50 c

0.61 bc

0.66 bc

3677 a

5l9B bc

2789 cd

5198 bc

2547 d

329'l ab

3041 bc

10.5 a

10.2 a

10.7 a

10.5 a

10.9 a

10.5 a

10.4 a

c"v 17.7 14.6 9.0 4.6
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The treatment having the high rate of winter wheat residues

again had the lowest dry weight production. A heavy straw

mulch causes the cro\^¡n node to form farther from the seed, in

some cases even above ground level, within the straw layer

(Ferguson and Boatwright, 1968). This v/as observed in some

of the plots Ïraving higher rates of mulch. The formation of

adventitious roots is also stunted in a dry environment

(Ferguson and Boatwright, 1968). The plant crown would also

be less protected against cold temperatures. Ttrese factors,

together with a lack of physical support for the plant, could

lead to decreased vigor and dry weight. When compared to ttre

no mulctr treatment which had a dry weight of 185.4 g/^2,

the averages for the 1500 and 3000 kg/ha straw mulch rates

\¡/ere L3A.2 g/^2 and 106.9 gf m2yespectively. These com-

parisons showed highly significant differences. The weight

per plant follows the same trend as well, with the control (O

mulch) having a significantly higher weight per plant than

any of the other treatments (ra¡te 15 ). Ttre 3000 kg/ha

winter wheat straw plots again trad the lowest dry weight per

plant, although it did not differ significantly from any

treatments except the control and the light raLe of barley

mulch. There is a significant negative correlation ('.443)

between mulch rate and dry weight/m2 brra not between mulch

rate and dry weight per plant, indicating ttrat the mulch trad

more effect on the number of plants than on the size of

plants.
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Yield and Protein Content

The highest yield, 3677.2 kg/lna, was obtained with the

control t.reatment. ( Tabre r5 ) . rt vùas signif icant.ry higher

than all others except the treat.ment with the low rate of

rapeseed straw. The lowest yie1d, 2547,2 kg/ha was obtained

on the plots having a high rate of winter wheat murch. This

\¡¡as significantly rower than all other treatments except, the

high rate of barrey mulch. The three plots with the row rate

of mulch had yields lower than the control, but higher than

the plots with the heavy rates of mulch. The plot with 3000

kg/ha rapeseed mulch outyielded the plots with barley and

winter wheat by about 250 and 500 kg/ha respectively. There

was a highly significant negative correlation between the

rate of mulch and yield (r = -.655); as well as highly signi-
ficant positive correlations between dry matter and yield (r

= 772) | and between plant dry weight and yield (r = .692).

This suggests that a healthy vigorous stand in the spring

plays an important role in determining yield "

There werê no significant. differences in protein content

between treatments (Table 15). The grain protein at I4Z

moisture rangecl f rorn f 0.9å to 10.33. There was a highly
significant negative correlation betwen protein and spring

plant counts (r = -.683) and a highly significant positive
correlation between protein and plant dry matter (r = .556)"

There was no correlation between rate of mulch and protein.
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CONCLUSIONS

Zero-tillage is conducive to providing an environment

suitable for the production of wint.er wheat in Manitoba. The

standing stubble can trap enough snovr to insure against

damage by letha} temperatures. A sno\i¡ cover of 4 to 7 cm is
sufficient to provide insulation throughout the winter. This

has been accomplished by the use of stubble as low as 7 "5 cm

in height. Higher levels of snow retention are advant.ageous,

because a level of protection is maintained even after
part ial sno\^¡ melting occurs. In addition, the increased

amounts of snovr retained in taller stubble provide the crop

with more available moisture in the spring. This moisture

would be the more available to the plants, because decreased

incidence of ground frost woul<1 encourage great.er infiltra-
tion of melt-waLer. Runoff and losses due to field ponding

are greatly diminished.

In the two years of this study, there vrere no stat.is-
tically significant differences in winter survival or in the

grain yietd between the zero-tilled winter wheat and that

so\^rn on chemical fallow or conventionally tiIled soil. Other

stud ies in lulan itoba ( Rourke et â1 . , L9B2; Stobbe et aI . ,

19B1) show differences in this regard. Two fact.ors may

account f or this variation. FirstIy, the furrows creat.ed

at the time of seeding held enough snow over winter to

protect the wheat on the chemical fallow and conventionally

titled seedbed against prolonged Iethal temperatures.

Secondly, there \r¡as enough precipitat,ion during the growing
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seasons for the crop to mature satisfactorily, so the mois-

ture gain f rom retained sno\^r did not, in these cases, appear

to have an appreciable influence on yie1d.

The zero-tilled plots were arso more permeabre to water

than conventionally tirred plots. This characteristic is of
special importance in the spring, when ponded water may

freeze, with resultant high plant mortality.
The quantity of mulch or crop residue on the surface has

a significant effect on plant popuration and arso on yierd.
As the rate of application of mulch increased, plant popula-

tion and yield decreased. For this reason, it would be in-
advisable to cut t.he stubble very low, as most of the straw

would then be rying on the ground, rf possibre, straight
combining would provide ân ideat environment in this
respect.

The effect of murch on soil temperature was negligibre
throughout, the winter, and is not believed to have affected
the wheat. Temperatures during the fall and spring showed

rnore variation, but the influence on growth is not known,

because plots with high quantities of mul-ch were slower to
cool in f a-ll and also slower to warm up in spring.

rt would also be inadvisable to recrop winter wheat. for
severar reasons" Firstry, the possibility of disease infec-
tion is increased by recropping into standing stubble.
secondly, the crop residues left after harvesting winter
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wheat may make seeding difficult. They would also hinder

growth and development of the succeeding crop.

Although there were no differences in yietd or survival

during these two seasons, it would seem, that in the light of

the evidence presented, zero-tillage would provide a consis-

tantly favorable environment for winter wheat production.
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RECOMI"IENDATIONS FOR RESEARCH

r) ivlore work is required to determine the optimum fertil i-

zation requirements for winter wheat when large amounts

of crop residues remain on the soil surface. The

effects of timing and placement of N fertilizer on the

grain protein is of importance. This may also have some

ef fect on the susceptibility of winter wheat t.o lodging "

Control of lodging through growth regulators is also

poss ible .

Studies are required in which the effect of the straw

residues is examined with regard to the individual

effects of toxicity to the seedlings, phvsical smother-

ing, and effect on the nutrient availability.

Further studies are needed to examine the effects of

ground frost penetration on water infiltrat.ion and on

the rate of soil warming in the spring, and the implica-

tions of these in terms of crop growth and environmental

protection.

It is recomrnended the effect.s of the previous crop on

the winter wheat be studied with regard to the transmis-

sion of diseases r and that a sr:itable rotation or

control methods be established.

2')

3)

4l
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Appendix - Table I

Cllmatlc Data for lho 1980-81 Growlng Season
at Porlage la Pralrle

A = Monthly
B = Departure from Norma I

* = Snowfal I

Date

Temperature "C

September 1980 0ctober 1980 November 1980

Max M ln. Mean

Prec I p.
(mm) Max. M ln. Mean

Prec I p.
(mm) Max. M ln. Mean

Precl p.
(mm)

I

2

5

4

5

6

7

I
9

t0
il
l2
t5
l4
t5
l6
17

t8
l9
20

21

22

23

24

25

26

27

2B

29

50

31

21.1
22.0
23.7
19.7
24.3
29.4
35.1
27.1
19.8
25.9
21"2
14. I

19.0
19.7
16.9
1 1.6
5.2

I 0.9
7.0

10.9
1 4.0
9.9
8.7
8.6
8.8

14.4
14.2
23.3
17.6
25.7

9.1
9.2

12.1
9.5
8.8
-1.7

t0. t

9.9
6.3

10.3
B.l
9.2
8.5
3.8
6.2
4.0
1.5

-3.4
2.1
4.3
8.0
0.8
0.7
5.8
0.2

-0.9
- 1.9
4.4
7.3
6.9

15. I

I 5.6
17.9
14.6
I 6.6
18.6
22.6
18.5
l5.l
t8.l
14.7
I t.7
13.7
I 1.8
I 1.6
7.8
3.4
3.3
4.6
7.6

I1.0
5.4
4"7
6.2
4.5
6.8
6.2

13"9
12"5
16.3

T

5.6
1.3

9.7
2.5

0.8
14,7

1.0
.|.8

4"3
7.6

T

5.6

1.5
0.3

0.5

1.5

17.2
6.4

12.3
12.3
18.9
21 .3
25.3
17.9
l7.l
10.6
4.8
5.8
7.3
6.3
6.8
5.6
2.6
5.8
5.4
9.8
6"6
5.4
3.4
2.7
3.2
5.3
2.4
3.5
7.6

lt.t
4.3

4.8
1.6

2.7
-0.4
2.3
2.5
8.9
3.3
5.2
1.5

-3.4
-2.6
-3.7

0.1
2.4
0.4
0.3
0"2
1.7

- 1.4

-3.5
-4.6

"-0.6
-1"2

--4.0
-6.3
-6. I

-7.6
-5.8
-3.8
-5.5

11.0
4.0
7.5
6.0

10.6
I t.9
17. I

I 0.6
10.2
6.0
2.2
1.6
1.6
3.2
4.6
3"0
1.5
5.0
5.6
4"2
1.6
0"4
1.4
0.8

-0.4
-0.5
-1.9
-2.1

1.9
7.5

-0.6

2.3
2.5

1.1

3.3

21 .1
2.3

0,5

5" 8*
T

l.g*

2.'
14.3
I 0.9
6.5

14.8
7.6
0.0
1.8

-2
-t

4

2

I

4

4

I

2
'l

5

2

6

7

-2
4

-2

I
'l

7

I

9

0

I

3

2

0

2

6

9

I

3

7

6

5. I
0 9

5

9

7

2

2

-0

-5. I

-2"5
-0.8
-2.5
-1.1
-1.7
-5.8
-3. I

-12.6
-14.9
-3.3
-0.5
2.6

-5. B

5"9
7.7

-7.7
-4.5
-0.8

-14.4
-2.8
-3.2

-12.I
- 10.4

-6.6
-4.5
-8. I

-3.5
-1.9

- t9.B

- 1.3
5"9
5.0
2.0
6.9
3"6

-1.9
-0.7
-7.4
-8.3
0.7
0.9

-0.4
-0.9
-0.9
-3.2
-2.8

1.3
2.2

-0.9
2.1
2.0

-7.2
-2.9
-4.6
-0.8
-3.6
-0. 5

0.5
- 10.3

2.5
T

8"4

12.7
3"3
1.5

T

1.8
0.5*

A 17. I 5.5 I 
.|.6 58.3 8.9 -0.4 4.5 38.5 3.7 -5.5 -0.9 30"7

B -0.6 -0.9 -0.8 116f, -3.5 -1.9 -2"7 1261 3.5 2.5 2.9 98ß
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Appendix - Table I

Cl lmatlc Data for fhe 1980-81 Growlng Season
at Portage la Pralrle

A = Monthly
B = Departure from Norma I

* = Snowfal I

Date

Temperature oC

December 1980 January 1981 Februarv l98l

Max. M ln. Mean

Prec I p,

(mm) Max. M ln. Mean

Prec I p,
(mm) Max Mln. Mean

Prec I p.
(mm)

I

2

3

4

5

6

7

I
9

l0
il
12

t5
14

l5
l6
t7
t8
l9
20

21

22

23

24

25

26

27

2B

29

50

31

-19.1
-15.4
-7.9
-1.9
-2.6

-12.7
-15.8
- 10.8

-l t.5
-20.9
-l1.0

0.4
-4.2
-9.5
-4"2
3.5
5. I

-12.8
-21"3
-17.3
- 15.5
- 14.0
- 15.4

-21 .6
-14.2
-14.1

9.5
-1.5
-4.0
2.0
1.9

-22.5
-24.6
-lg.I
-8. I

-13.4
- 19.9

-20.4
- lB.5
-23.7
-27.4
-22.1
-21 .7
-21.3
-19.I
- 10.0
-10.2
-14.2
-22"1
-24"6
-26.1
-24"5
- 19.6

-27.6
-32.1
-25.9
-27.2
-14.3
-4.0

-12.4
-4.8
-9.5

-20"8
-20.0
- 19.0
-5.0
-8.0

.1 6.3
-18.I
-14.7
.17.5
-24.2
- 16.6
- 10.7
-12.8
- 14.5
-7 .1
-3.4
-4.6

-17.5
-23"0
-21"7
- 19.0
- 16.8
.21.5
-26"9
-20.1
-20.7

-2"4
-6.5
-8.2
-1"4
-5.8

0

0

0

5*
3x

B*

0. Bl+

I .0*

0.gn

I .5*

2.0

I g*

3*I

0.2x
T*

0

Tx

T*
2

-9.3
-17.3
- 19.8
-15.5
-2.4
-8"2

-15.2
- 10.7
- lB.4
-15.8
-3.4
0.4
1.4

-3.5
-12.0
-4.0
2.3
3.5

-4.3
0.9
4.4
5"8
6.1
1.7

-3. I

-7.0
-9.9

-11.7
-11"3
-7.6
-6"4

- 18.0

-25.7
-21.9
-26"1
-15.8
-21 .9
-23.4
-21 "2
-24.9
-25.8
-22"6
- t0.0
-7.2

-15.1
-18.2
- lg.g
-5.9

- 10.7
-11.4
-15.I
-5.7
-8.0
-5.0
-r.9
-7.7

-21.7
-22.5
-24"9
-26"6
-22.6
-17.5

-13.7
-21.5
-25.9
-20"3
-9. I

-t5.1
-19.3
- 16.0
-21.6
- t9.8
- 15.0
-4.3
-2.9
-9.3

-15.I
-12.0
- 1.8

-3.6
-7.9
-8. I

-0.7
-1"t
0.6

-2.1
-5.4

-14 "4
-16.2
- 19.5
- lg.0
-15. r

- 12.0

2.0x

0.2x
4.2x

Tx

0.7*

Tr+

2.0x
T*

1.0*

0.4x

Tx

1.9*
I.4r(

2.9*
Tr+

0.6*

- 16.6
- 15.5
-11.9
-5. I

-3.7
-3.9
-6.2

- l7.g
-19,7
-24.3
-21"4
- 15.6
-8.7
4.8
8.0
9"3

1t "2
4"4
ó. I
3.8
6.3
5.3

1 0.0
-0.2
-2,0

5.8
1.3
2.1

-22.6
- 19.8
- lB.0
-21 "3
-8. I

-9.7
-22"6
-24.3
-2'1 .7
-35.2
-31 .7
-29.0
- 19.5
- 16.8
-5.0
0.8
0.5

-0.6
-1.4
-0"8
-0.6
-4"2
-4.5
-6.0
-8.7
-8.6
-6. I

-9.6

-19.1
-17.7
- 15.0
-13.2
-5.9
-6.8

- 15.4
-21 "1
-23.7
-28.8
-26"6
-22"3
-14.I
-6.0

2"5
5.1
5.9
1.9
2"4
1.5
2"9
0.6
2.8

-3.1
-5"4
-2.4
-2.4
-3.7

0.4*

T*
0. 5rÊ

4ng*
0.3x
0.5*

T

T

T

T

0

T*

A -8.8 -19.5 -14. I ll"5 -6 -17.2 -l t.7 12.7 -3.5 -12.8 -8.2 7.9

B -l"l -2.6 -1.9 56.51 6.4 4.7 5.5 48.51 5.4 6.9 6.1 35.61
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Appendlx - Tablo I

Cllmatlc Data for the 1980-81 Growlng Season
at Portage la Pralrle

A = Monthly
B = Departure from Normal
* = Snowfal I

Date

Temperature oC

March l98l Aprl I l98l May l9Bl

Max. Mln. Mean

Prec I p.
(mm) Max. M ln. Mean

Precl p.
(mm) Max. M ln. Mean

Prec I p.
(mm)

I

2

3

4

5

6

7

I
9

l0
lt
t2
13

l4
l5
16

17

IB

l9
20

21

22

23

24

25

26

27

28

29

50

31

0.8
-0.6
0.0

-2.3
-3.9
-2.8
2.2
5.8
3.8
6.1

14.3
4.6
7.4

12.9
2.0

14.3
-2.2
0.7
5.2
8.1
7,6
l.l
7.7

I 5"0
7.9
2.0
8.7

I 1.3
73.2
1l .2
8.8

-l1.5
-17.6
-9.5
-9.7

-15.0
- 14.8

-12.1
-9.2
-7 .1

-5.3
-t "2
-5.3
-7.5

0,1

-5.6
-4.3

- 10.6

- l0.g
-7.1
-8.4
-6.4
-8.6
-6.2
-5.4
-0.7
-1.8
0.8
l.l

-0.2
0.0

-1.1

-5.4
-9. I

-4.3
-6.0
-9.5
-8.8
-5.0
-2.7
-1.7
0.4
6.6

-0.4
-0. I

6.5
- 1.8

5.0
-6.4
-5.1
-2.0
-0.2
0.3

-5.8
0.8
4.8
3"6
0"1
4"8
6.2
6"5
5.6
3.9

I .0*
0.3*

T*

T*

4.4
9.0

3.4

0"J

9.4
14.0
5"6
2.9

12.4
l5.B
I 0.4
I 1.4
17.2
I 1.5
5.9

I 5.6
6"1
7.2

22.8
24"7
14.5
13.3
5.3

13"'
12.7
4.4
5.4

12.3
9.9

20"3
12.9
16.9
l7. g

10.5

-2.5
-0.4
-2.2
-5.7
-6.6
-2.9

2.1

-2.3
-2"2
-5.5

- 6.4
-4, o

-8" 6
-ll.g

0.4
3.6

-3.2
-2.9
-3.9
-8.0
2.5
1.4

-1.9
-2.1

1.7

-1.6
4"6

-0.4
5.0
2.4

5.5
6.8
1.7

-1.4
2.9
8.4
6.3
4.6
7,5
2.9

-0.5
4"9

-l.5
-2.3
I1.5
14.2
5.7
5.2
0.7
2.8
7.6
2.9
1.8
5"1

5.8
9.4
8,8
8.5

I 1.4
6.4

1.0

T

T

2.2

2.0

0"2
0"2

15.7

19.2
I 1.8
11 "2
13.7
16.4
20.6
15. I
8.7

l2.l
17.2
20.3
21"8
22.9
16.5
17.5
22.2
24.8
26.8
28.9
30"5
22.0
7.3
8.9

14.2
20.7
20.2
25"5
17.4
18.8
22.3

-2.4
3.9
3.6
0.6

-5.8
-2.2

5.0
-1.2
-4"2
-0.5

4.1
0.3

-0.8
t.8
5.1
2.2
5"5
2.6

10.8
9.5

10.3
5.8
5.3
6.8
8.2
4.9
7.2

12.2
3"2
0.8
6.6

6.7
14" I

7.7
5.9
5.0
8.1

ll"8
7.0
2.3
5.8

10.7
10.5
10.5
12.4
10.7
9.9

12.9
15.8
18.8
19.2
20.t
15.9
6.5
7.9

11.2
12"8
15.7
17.8
10.5
9.8

14.5

0"5

3.0
4"4

26"2

6.8
2"6

A 5.4 -6.5 -0.6 18.4 I 1.9 - 1.9 5.0 5.6 18.4 3.6 1 1.0 43.3

B 7.7 8.2 6.8 581 3.6 0"5 9 13.6% I -0" 6 -0.5 681
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Appendlx - Table I

Cllmaflc Data for the 1980-Bl Growlng Season
at Portage la Pralrle

A = Monthly
B = Departure from Norma I

Date

Temperature oC

June l98l July l98l Auqust l98l

Max. M ln. Mean

Prec I p,
(mm) Max. M ln. Mean

Prec I p.
(mm) Max. M ln. Mean

Precl p.
(run)

I

2

3

4

5

6

7

I
9

t0
ll
12

l5
l4
l5
l6
t7
t8
l9
20

2l
22

23

24

25

26

27

28

29

50

3l

20"9
22.8
27.0
21.7
23.7
23"7
22.8
19.3
lg.g
19.2
21"3
25.6
20.5
17.2
15.9
25.2
19.5
17.7
21 .2
22.8
20"0
20.4
21 .0
23.4
22.8
26.9
28.5
22,3
24.6
27.6

10.5
4"8
4.3

12.1

12.0
9.t

12.3
9.2
7.6
7.3
6.9
7.1

13.9
12.9
7.5
6.6

ll.5
8"4
7.0
9.0
9.0

ll.7
9.5

12"0
12.0
10.0
15.5
12.9
10.9
13.4

15.7
15.8
15.7
16.9
17.9
16.4
17.6
14.3
13.3
13.3
l4.l
16.4
17.2
15. I

10.7
75"9
15.5
l3.l
t4.l
15.9
14 "5
t6.l
15.3
17.7
17.4
18.5
22.0
17.6
17.8
20.5

2.5
9.0

0.2
5"2
6.0

8.8
8.0

ll"6

6.2
2.3

2.0

6.4

1.3

I 1.4
16.6

29.9
26.0
28.6
31.4
50.6
37.2
35.0
27.6
30"5
29.1
27.5
29"8
50.4
22.9
23.3
22.4
24.8
27.1
27.8
20.9
23.9
24.0
29.7
19.8
21 

"1
25.0
26.2
26.3
26.1
28.3
24"0

17.7
16. I

13.5
16.4
18.9
I 5.3
22.6
14.6
I 1.8
13.4
14.7
16.2
16.5
I 6.0
15.9
15" I

t 5.4
13"8
I 5.0
11.0
8.2
9.7

1t.5
12"9
7.5
6.8

10" 7

13.3
14.6
I 5.6
13.2

23.8
21 .7
21.1
23.9
24"8
26.3
28.8
21 .1
21 

"1
27.3
21.1
23.0
23.5
19.5
19.6
I 7.9
t9.l
20.5
21.4
1 6.0
16.1
16.9
21 "6
16.4
14.3
I 5.9
t 8.5
l9.g
20.4
22"0
18.6

1.2

0.2

5.1
0.8

0.4
37,6
0.4

T

2r.0

24.8
26.3
24.4
29.0
21"6
25.4
29.0
21.5
23.0
27.1
32.7
26.1
33.3
25.1
21.9
24.2
29.2
50.3
31.2
28.7
27.2
27.6
27.0
27.6
27,2
27.8
26.8
27.3
30. I

31 .3
23.6

I1.5
14.5
14"4
I 5.6
16.8
16.9
15"2

I l.g
10.6
13.5
16.0
15.5
14.0
12"0
9.0
6"3

14.6
14.2
14.4
13.9
16.9
14.6
18.4
18"4
16.8
16.9
12"1

12"4
12.3
I 5.6
8.9

18.2
20.4
19.4
21"3
19.2
21 "2
22"1

16"7
l6.g
20.3
24"4
19.7
23.7
17.6
15.5
15.3
21"9
22.3
22.8
21 "3
22"1
21 "1
22.7
23.0
22.0
22"4
19.5
19.9
21.2
22.5
16"3

7.9
23"7
57.2
0.4

1.0

11.0

6"6
50.0

A 22.1 oo I 6-0 97 -5 27.0 15.9 20.5 70.7 27.0 I t.8 20-4 157.7

B -0.5 -0.6 -0.6 1 191 t.l 0.5 0.7 881 2.1 1"5 1.8 1944
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Appendlx - Table 2

Cllmatlc Data for ths l98l-82 Growlng Season
at Portage la Pralrle

A = Monthly
B = Departure from Norma I

* = Snowfal I

Date

Temperature oC

September 1981 October l98l I'lovember l98l

Max. Mln. Mean

Prec I p,

(mm) Max Mln. Mean

Prec I p,

(mm) Max. M ln. Mean

Prec I p.
(mm)

I

2

3

4

5

6

7

I
9

l0
il
12

t3
l4
15

l6
17

t8
t9
20

21

22

23

24

25

26

27

28

29

30

5l

20.0
24"4
I 5.0
20.5
23.6
I8.4
22.7
26.1
27.8
34.0
25.5
24"2
21 .2
17.6
15.3
13.0
19.8
23.6
19.9
t9.8
17 .1
15.4
20.9
20.9
19.4
16.3
9.4
2.9

12.6
7.8

5.0
9.6
5.8
2.3

12.3
I 0.9
8.9
8.5

12.9
I 1.4
I 1.6
9.9
7.9
6.5
6.3
6"1
3.5
7.4
5.0
1.6
7.6
3.1
6.5
4.1

3.7
5.9

-1.5
'117
0.8
2.8

12.5
17.0
9.4

I 1.4
I8.0
14 "7
I 5.8
17.2
20.4
22"7
l g.5
17.1
14.6
12.1
9.8
9.6

71,7
15.5
12.5
10"7
12.4
9.3

lt.7
12"5
I 1.6
l0.l
4.0
0.6
6.7
5.3

c
934

2"0

39.8

2.8
5"8
0.4
7.9

I 1.8
13.7
9.8
9.8

1t .2
14.4
13.7
I 5.9
17.8
19.2
19.2
14. I
I 0.9
8.7

1l.l
1 9.6
12.6
3"9

I 5.0
4.0

- 1.4
-2.3
- 1.9
0.6

-2.9
12.6
0.3

1l .7
14.2
I 1.5
1 3.8

3.1

4.3
4"2
7.1
2.3

-0.4
3.7
6.2
5.8
1.6
7.1
7.9
4.8
2.3
3"5
4"5
2.2

-l "3
2.9

-5.4
-9.6
-6.9

- 10.4

-6.8
-13.4
-4 "7
-2.9
-0.4
4.0
3.5
3"5

7.5
9.0
7"0
8.5
6.8
7,0
8"7

1t.l
I 1.8
I 0.4
13.2
I 1.0
7.9
5.5
7.3

12"1

7,4
1.5
8.0

-0.7
-5.'
-4.6
-6.2
-5. I

-8. I

4"0
- 1.3

5"7
9. I
7.4
8.7

24.0

0.6

1.0
1.5

1.8
12.0

1.0
2.0

T

0.4
Tr(

4.0*
Tx

2.lx
T

5.4
0.8
0.4
5.4

I 5.0
I 1.7
17.4
16.7
8.2

16.9
15.6
1.0

70.2
6.7

I l.B
19.0
l6.l
I 1.6
12.4
5.8
1.5

-t.l
-3. I

-3.2
-1.6

1.6
6.9
0.5
0.0

-0.8
0.7

-2.8
1.0
0.2

2.0
-2.9

1.0
2"9

-1.9
-0.5
-1.7
-7.9
-7.4
-3.7
-5.8
-5.6
2.8

-3.6
1.9
0.0

-2.0
-4.9
-5.9

-11.9
-8.9
-3.7
-3.5
-2.3
-2.4
-4.8
-7.9
-5. I

-7.3
-8" 5

8.5
4.4
9.2
9.8
3.2
8.3
7.0

-3.5
1.4
1"5
4.0
7.7
9.5
4.0
7.2
2.9

-0.5
-5.0
-4.5
-7.6
-5.3
-l.l

1.8
-0.9
-1"2
-2.8
-3.6
-4"0
-3.2
-4.2

T

T

T

T

'r

T

T

ï

A 19.1 6.0 12.6 9l .6 t 0.0 0.7 5.4 55.8 6.5 -3.5 1.5 T

B 0.8 -0.4 0.2 1841 -2-4 -0.6 - 1.3 183ß 6.3 4.3 5.3
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Appendix - Table 2

Cl lmatlc Data for the lggl-82 Growlng Season
at portage la pralrle

A = Monfhly
B = Departure from Norma I* = Snowfal I

ature,. oC

December l98l Jan 2 F I

Date Ma Mln Mean

Prec I

M ln.
Precl

(mm Max Mln Mea

Prec I p.
(mm)

I

2

3

4

5

6

7

8

9

l0
tl
l2
l3
14

t5
t6
t7
l8
19

20

21

22

23

24

25

26

27

28

29

50

31

-0.9
-1.7
-0. I

0.5
- l.g

1.1

-0.3
-4"0
-5.4
-3.9

1"5

-4.3
-6.9

-.l1.5
-l t.0
-14.2
-14.6
-l1.4
-9.4
0.9
1.6

-7,4
-12.3
-7.8

-10.8
-7.5
-8.2

- 19.6
-20.0

-21 "6

-22.

-6.2
-7.7
-6.8

- 10.5

-13"7
-8.7
-4"6

-14.3
-14.5
-10.9
-7 .1

-l1.4
-12.9
-19.7
-20.0
-20.6
-23.0
-23.8
-20.6
-12"9
-8"7

-14"4
- lB.g
-14.3
-26.0
-21.4
-25.0
-26"2
-26"2
-31"0
-31 "8

-3.5
-4.7
-3.5
-5.0
-7.9
-5.8
-2.5
-9.2
10.0
-7.4
-2.9
-7.9
-9.9
I 5.6
15.5
17.4
lB.g
17.6
15.0

-6.0
-3.6
10.9
1 5.6
ll.1
18.4
14.5
16.6

26"6

.9

7

l.g*

TrÉ

T

T

0.9*
az*

T*

-20.1
- lg.6
-23.9
- 18.6
- lB.0
-24"7
-19.I
-23.2
-26"9
- 17.9

-22.5
-20.1
-20"5
-l1.6
-17.6
-27.2
-23.1
- 1g.g

- 19.7

-24"9
-23.6
-20"4
-22.6
-26"7
-20.4
-7.0

2"5
-15.5
-t5.1
-21.6
-12.7

-32.0
-26.7
-29.4
-24"9
-29.4
-32"1
-5r.0
-32.8
-34"1
-32.9
-27.3
-30.4
-28.0
-26.4
-30.6
-34.5
-33.5
-32.6
-35.7
-36.6
-51.9
-26"0
-31 .2
-34.7
-33"3
-28"7
-21 .6
-22.6
-23.0
-29.6
-29.1

-26"1
-22.7
-26"7
-21.8
-23.7
-28"4
-25.1
-28.0
-50. 5

-25.4
-24"8
-25.3
-24.3
- t9.0
-24.1
-50.9
-28"3
-26"2
-27.7
-50.8
-27.8
-23.2
-26"9
-30.7
-26.9
- l7.g
-9.6

-19.I
-lB.l
-25.6
-20.9

0.4*

B*

T*

0.6*

2

2.0x

0.2*
4.2x

T*

0.7*

T*

2.0x
Tx

1 .0r(

T*
I ngr+

l.4lÉ

-14.3
-20"2
- 19.8
-20.6
- 19.5
- 10.6
-12.4
-19.2
- 18.7
-il.8
- 15.9

-12.4
- 13.6

-2.6
-9.4
0"2
5.8

6.7
3.8

l0.l
0.5

-8. 7

-7.3
-3.3

- 10.4
-6.7
-2.6

1.9

-25.2
-30.4
-52.3
-29.7
-32.3
-26.4
-23"2
-27.6
-30.7
-21 .g
-20"5
-26"8
-22.9
- l6.g
-1B.g
-11 .4
-1.2
-4.3
-6.7
-4.0
-4.7

- 15.3
- 17.0
- 15.g
-16.I
- lB.0
-20"1
-12.4

- lg"g
-25.3
-26"1
-25.2
-25"9
18"5

- 17.8
-23.4
-24.7
- l6.g
-17.2
- 19.6
- t8.5
-9.7

-14.1
-5.6
2.3

-1.2
0"0

-0. I

2.7
-7.4

-12.9
-l1.6
-9.7

-14.2
-13.4
-7.5

Tl+

T*

0.9*

T*

T*
Tx

Tx

0.5*
l.0r(

Tr+

0nzx

T*
t"o

A -7 5 -t 6 12.1 4 9 -19 -3 -24.7 17 -8 2 - 19.0 -l 5.5

B 0.1 -7.0 4 0 0.9 0
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Appendix - Table 2

Cllma'tlc Data for the l9Bl-82 Growlng Season
at Porfage la pralrle

A = Monthly
B = Departure from Normal
* = Snowfal I

Date

Temperature oC

March 1982 Aprl I 1982 May 1982

Max" M ln. Mean

Prec I p.
(mm) Max M ln. Mean

Precl p"
(mm) Max. Mln. Mean

Prec I p.

I

2

3

4

5

6

7

I
9

l0
il
12

t5
14

15

l6
17

l8
t9
20

21

22

23

24

25

26

27

28

29

30

51

-11.5
-15.3
-7.8
-7.3
-5. I

-6.6
-t t.4
-l 1.0
-7.3
-5.8
2.6
5.6
1.0
3.6
3.7
3.5
0.7

-8.4
-2"4
-0.4

4"2
4"4
1.8

- 1.4

-l.8
- 1.7

2"6
8.6
5,3
4.5
3.4

-17.2
-23.6
-23"9
- 19.6

-17.4
-22.0
-22.9
-23.8
- 19.8

-15.2
-14.9
-5.7
-7.2

-10.I
0.4

-0"4
-9.4

- 14.7

- 18.3

-12.9
-9. I

-5"2
-5.3
-9.8

- 15.5
- t4.6
-8"6
-3.?
0.5
0.1

-7.8

74.3
19.5

¡ 15.8

Ir3.5
¡11.5
714.3
-17 .1
-17.4
- 15.6
- 10.5
-6.2
-0. I

-3. I

-3.3
2.1
1.6

-4.4
-11.6
- 10.4

-6.7
-2.5
-0"4
-0.8
-5.6
-7.6
-8.2
-5"0

2.7
2"9
2.3

-2.2

T*
2x

Trf

0

o.2x

1"0

Tx

2.5x
1.2x

0.6r(

4.2
6.8

-2.2
-2.5
-9.9
-7.6
-6.5
-2.0
2.2
3.2
2.9
0.0

12.1
8.8
6.6

20.9
15"6
8.9

lt.l
t0. t

Ll
I1.5
12.8
23.9
26"6
28.1
8.6

I l.g
l7 "9
20.1
13.3
19.5

- 10.6

-14.1
-15.9
- 19.0
-16.2
-15.9
-9.9
-4.1
-5.3
-7.0
-5.0
0.4

-5. I

1.6
6.2

- 1.0
-6.3
0.7

-2.7
-6" I

-0. 7

4.0
10.5
7.0

-3.5
-3.7

1.0
5.8
3"6
4.5

-6.4
-8.5

-12.9
- 13.3
-l1.4
-9.0
-3.9
-0.5
-1.2
-3.5
3.6
4.6
0.8

I 1.5
10.9
4.0
2.4
5.4
2.7
2.7
6. I

15.9
18"6
17 ,6
2.6
4.1
9.5

12.0
8.5

12.0

0.8*
6.6*

T

1.7

23"7
28.3
28"3
21 .8
l7. g

10" 5

9.0
7.6

13"5
8.1

16.4
17.6
19.9
?1 .9
15.1
14.0
12.5
14.9
13"9
19.6
22.3
24 "7
25.5
21"5
26"3
27.8
28"1
22.9
19.3
16"2
11"5

0.3
6. I

15.7
7.8
4.1
0"5
0"6

-0.4
2"4
5.7
5.0
1.7
5.9
8.3
8.8
9.9
9.4
8.8
7.5
6.0
4.2
6. I
6.3

I1.5
8"8

l5. t
12"0
I1.5
8"2
6"9
5.4

12.0
17.2
22"0
14.8
11.0
5.6
4.3
5.6
8.0
6.9

10.7
9.7

12.9
15. I
ll"0
12.0
ll.0
1 1.9
t0"7
12.8
13.3
15.4
15.9
16.5
17.6
20"5
20"1
17.2
13.8
I1.6
7.4

1.3

1"3

11.2

10.7

7.6

2.3

0"5

A -1.7 -12.0 -6.9 16.7 9.1 -5.6 2.8 9.t 18.6 6.7 12.7 34.7

B 0.4 0.7 0.5 671 0.5 -1.5 -0.4 201 2.0 2.5 2.2 54l
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Appendix - Table 2

Cllmatlc Data for the l98l-82 Growlng Season
at Portage la Pralrle

A = Monthly
B = Departure frorn Normal

Date

TemÞerature "C
June 1982 July 1982 Auqust 1982

Max. M ln. Mean

Prec I p.
(mm) Max. M ln. Mean

Prec I p,
(mm) Max- M ln. Mean

Prec I p.
(mm)

1

2

3
4

5

6

7

I
9

l0
lt
t2
13

l4
l5
t6
17

l8
l9
20

21

22

23

24

25

26

27

2B

29

30

3l

13.2
17.6
24"9
24"1
2r.7
16.4
14.2
1l "2
17.0
24.2
17.2
24.3
24.7
21 .2
20.4
22"9
13"7
18.9
I 5.8
19. B

20"2
19.5
28.7
18.0
23.2
25.2
23.4
2l .0
19.6
24.0

4"4
-0.2
4.4

I 0.7
14.3
12.1

3.2
0.4
6.8
4.4
7.9
4.1
9.6
8.7
6.5

I 0.5
6.4
8.5

I 0"5
8"9
7.5
7.8

I t.5
6.9
4"2

12.7
1 0.8
10.5
6"4
4.2

8.8
8.7

14 "7
17.4
20.0
14.3
8.7
5.8

1 1.9
14.3
12.6
14.2
17.2
15.0
15.4
16.6
10. I

13.7
13. I

14.4
I 5"9
13"7
20.1
12.5
13.7
19.0
17 "1
I 5"8
I 3.0
14"1

21"6

3.8

0"8

ó"9

0.8

0.5

27.6
24"3
50.0
5l "6
27.6
24.0
22"9
23"8
25.3
26.2
27.5
28.2
20.8
24.9
29.8
25"3
22.1
23"7
26.8
25.3
22.8
23"2
26.8
27.7
24"6
27.5
25.3
26"9
23.2
26.3
50.0

8.5
17.1

I 6.8
14.0
17.4
12.4
9.0
9.8

74"5
14.4
12.5
15.2
14" 6

9.4
18.2
16.4
12.6
9.4

12.5
16.0
12.8
1t .7
16.8
17.5
14.5
12.6
15.7
12"8
12"2
12.9
I 5"9

18" I

20.7
23.4
22.8
22.5
18.2
16.0
16.8
19.9
20.3
20.0
21 .7
17.7
17.2
24.0
20.9
17.4
16.6
19.7
20"1
17.8
17.5
21 .8
22,6
t 9.6
20.1
20.5
19.9
17.7
19"6
23"0

10.4

5.3

0.3

3.8

6. I

0.5

20"3

25"7

4.6

34.5

43.2

21 .3
22.3
30"4
25;5
27.5
28"2
25.8
20.2
17. B

21.5
25.2
20.3
27.7
51.0
24.4
26.0
29.9
28.7
26.1
25.6
23.8
21 .g
22.1
18"3
15.0
16.0
14"9
20.7
19.7
l7.l
24"5

1t"5
I 6"0
14.0
15"3
I 1.9
lB. I

I 5"0
t 1.8
9.0
5.6
8"4

l4.l
14.1
15. I
14"2
14.4
12.8
ló"9
13.6
11.9
13.7
12.3
9.1

I1.0
4"2
3.2
1.4
4"9
5.6
4.5
8"5

16.3
19.2
22"2
20.4
19.7
23.2
20"4
1 6.0
15.4
13"6
l6.B
17.2
20.9
22"6
19.3
l g.7
20.4
22.8
19.9
18"8
18.8
17.2
15.6
14 "7
8.8
8.4
8.2

12.8
12.7
l0.B
16"4

5.8

1.3

23.4

2.0
0.8

17.3

0.3

A 2t.o 7.5 13"9 35.2 25.9 13.7 19.8 154"5 23"1 10.9 17" 0 48.9

B -1.6 -5.0 -2.7 431 0.0 -0. I 0.0 1e2% -t.B -1.4 -1.6 601



119

Appendix - Table j

Mean Weekly Soi I Temperatures at the 2.5 cm Depth
for the l9B0-81 Stubble Height Experlment

Week

End i ng

Treatment
Chem.

Fal low
Con v.
Ti I lage

7.5 cn
Stubble

15 cm

Slubble
30 cm

Stubb I e

Nov. 29

Dec. 6

Dec. 13

Dec. 20

Dec. 27

Jan. 3

Jan. l0
Jan. 17

Jan. 24

Jan. 31

Feb. 7

Feb. l4
Feb. 21

Feb. 28

Mar. 7

Mar. l4
Mar. 21

Mar. 28

- 1.5

- 5.7

- 10.7

- 9.7

-11.6

- 6.9
-12"7
- 8.0
- 4.9
- il.4

-11.2
- 16.0
- 9.8

- 3.1

- 7.5
- 1.8

- 2.9
- 0.6

- 1.3

- 5.0
- 7.8

- 7.8
- 9"5

- 6"4

-l t. I

- 8.2
- 4.4
- 9"2

- 8.6
-13.2
- 0.6

- 2.7

- 7.1

- 1.7

- 2.1

- 0.6

1.3

- 4.8
- 7.8

- 6.8
- 9.9

- 6.2
-l 1.4

- 7.7

- 4.8
- 7.7

- 8.5
-12.8
- 0.6
- 2.1

- 6.8
- 2.0
- 2.5
- 0.5

- 1.3

- 5.8
- 8.7

- 8.6
- 9.8

- 6.6
-12.6
- 8.5
- 5.2
-r0.1

- 10.0
- 16.0

- 0.6
- 3.1

- 7.5
- 1.8

- 2.6
- 0.5

I

- 5.9
- 8"9
- 8.2
-oc

- 5.1

-12.1
- 7.7

- 5.0
- 8.0

- 8.0
-15.1
- 0.4

- 2.7

- 7.7

- 1.9

- 3.4
- 1.0
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Appendlx - Table 4

Mean Weekly Soi I Temperatures at the 5 cm Depth
for the l9B0-81 Stubble Heíght Experiment

Week

End i ng

Treatment
Chem.

Fal low
Conv.
Ti I lage

7.5 cm

Stubb I e
15 cm

Stubb I e
50 cm

Slubb I e

Nov.29

Dec. 6

Dec.13
Dec. 20

Dec. 27

Jan. 3

Jan. 10

Jan. l7
Jan. 24

Jan.3l

Feb. 7

Feb. l4
Feb. 21

Feb. 28

Mar. 7

Mar. l4
Mar. 21

Mar. 28

1.0

- 5.2
- 8.8

- 8.5

-11.8

- 6.5
-11.4
- 7.8

- 4.5
-oo

- 10.8

- 14.9
- 1.4

- 2.4

- 6.0

- l.B
- 2.0

- 0.5

0.8

- 3.7
- 6.3
- 6.5
- 9.2

- 6.1

- 10.4

- 7.8
- 4.0
- 8.2

-l
9.0
3.
0.
2.

0

8

0

- 5.8
- 1.5

- 1.5

- 0.3

- 0.9

- 4.0
- 6.5
- 6.2
- 9.2

- 60

- 10.6
- 7.5

- 4.5
- 7.1

- 8.0
-12.0
- 0.9
- 1.7

- 6.1

- 1.9

- 1.9

- 0.5

- 0.7

- 4.9
- 7.3
- 7.7
- 8.8

- 5.5
-1 1.3
- 7.2

- 3.5
- 8.9

- 8.9
-1 5.0
- 0.8
- 2.0

- 5.8

- 0.4
- 1.4

- 0,3

1.0

4.5
6.7
6.8
B.B

- 4.8
-1 0.8
- 7.5
- 4.5
- 6.3

- 7.2
-1 1.8

- 0.6
- 2.0

6

2

2

0

6

0

4

6
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Appendix - Table 5

Mean Weekly Soi I Temperatures al the l0 cm Depth
for the 1980-Bl Stubble Height Experiment

Week

End i ng

Treatment
Chem.

Fal low
Conv.
ïi I lage

7.5 cn
Stubb I e

15 cm

Stubb I e
30 cm

Stubble

Nov.29

Dec. 6

Dec. l5
Dec. 20

Dec.27

Jan. 3

Jan. l0
Jan. 17

Jan.24
Jan. 31

Feb. 7

Feb. l4
Feb. 2l
Feb. 28

Mar. 7

Mar. l4
Mar.21
Mar.28

- 0.8

- 3.9
- 6.8

- 7.4
-r l. t

- 6.0
-10.2
- 7.4

- 4.1

- 8.2

- 9.4
- 14.0

- 2.1

- 1.8

- 4.4
- 1.6

- 0.8
- 0.5

- 0.5

- 2.8
- 4.9

- 5.8
- 8.9

- 5.5
- 9.7
- 7.4

- 3.7
- 6.9

- 8.2
-12.8
- 1.6

It

- 4"5
- 1.5

- 0.6
- 0.2

- 0.6

- 2.8
- 4.9
- 5.2
- 8.5

- 5.4
- 9.6
- 7.0
- 4.0
- 6.1

- 7.3
-11.0
- 1.3

- l.t

- 4.9
- 1.7

- 1.1

- 0.1

- 0.5

- 2.7
- 3.5
- 5.7
- 8.4

- 5.3
- 9.8
- 7.4

- 4.2
- 7.2

- 8.0
-12.8
- 1.7

- 1.8

- 4.8
- 1.9

- 1.4

- 0.7

- 0.7

- 3.3
- 5.3
- 5.8
- 8"2

- 4.5
- 9.8
- 7.1

- 4.1

- 5.5

- 6.6
-1 2

0

4

- 5.3
- 1.8

- 1.4

- 0.5
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Appendix - Table 6

Mean Weekly Soi I Temperatures al the 20 cm Depth
for the 1980-81 Stubble Height Experiment

Week

End I ng

Treatment
Chem.

Fal low
Conv.
Ti I lage

7.5 cn
Slubble

l5 cm

Stubble
30 cm

Stubb I e

Nov.29

Dec. 6

Dec. l3
Dec. 20

Dec. 27

Jan. 3

Jan" l0
Jan. 17

Jan. 24

Jan. 3l

Feb. 7

Feb. l4
Feb. 2l
Feb. 28

Mar. 7

Mar. l4
Mar. 21

Mar. 28

- 0.1

- 1.8

- 3.8

- 5.2

- 9.7

- 5.3
- 8.9

- 6.8

- 5.8
- 6.5

- 8.0
- 12.1

- 2.7

- 1.3

- 3.0
- 1.5

- 0.7
- 0.5

+ 0. I

- 0.9
- 2.9
- 4.5
- 7.5

- 4.6
- 8.3
- 6.3
- 3.5
- 5.4

- 7.1

-1 0.6
- 2.4

- l.t

- 3.0
- 1.5

- 0.6
- 0.5

+ 0.0

- 1.1

- 3.0
- 4.4
- 7.2

- 4.6
- 8.3
- 6.3

- 3.6
- 4.8

- 6.3
- 9.0
- 2.1

- 0.7

- 3.1

- 1.5
- 0.8
- 0.5

+ 0.0

- 0.9
- 2.3
- 3.5
- 6.9

- 4.3
- 8.2
- 5.8

- 3.7
- 5.5

- 6.8
- 10.4

- 2.4

- 1.3

- 3.2
- 1.8

- 1.0

- 0.5

- 0.1

- 1.4

- 3.1

- 4.2
- 6.6

-ao
- 8.4
- 6.4
- 3.7
- 4.3

- 5.6
- 8.5
- 1.7

- 0.9

- 3.5
- 1.5
- 0.9
- 0.6
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Appendlx - Table 7

Mean Weekly Sol I Temperatures at the 2.5 cm Dopth
for the l98l-82 Stubble Helght Experlment

Week

End i ng

Treafment
Chem.

Fal low

Conv.
Tlllage

7.5 cm

Stubb I e
15 cm

Stubb I e
30 cm

Stubb I e

Oct. l0
Oct. t7
Oct.24
Oct" 3l

Nov. 7

Nov. l4
Nov. 2l
Nov. 28

Dec. 5

Dec" l2
Dec. l9
Dec. 26

Jan. 2

Jan. 9

Jan.16
Jan. 23

Jan.30

Feb. 6

Feb. l5
Feb. 20

Feb.27

Mar. 6

Mar. l5
Mar. 20

Mar. 27

Apr. 3

Apr. l0
Apr. l7
Apr. 24

May I

May B

6.1

7.0
1.8
2.5

3

I

I

0

3

4

1

2

- 1.4

- 2.2
- 6.4

1.6
3.9

5.6
t0"3

5.3
6.5
1.2
1.8

l"g
- 0.4
- 0.7
- 1.7

- 2.4
- 3.3
- 6.6
- 3.9

-13"2
- 9.8
-l1.7
-t 1.9

-10.8

-12.9
-11"2
- 5.3
- 6.3

- 9.5
- 9.6
- 2"9
- 5.0

- 2.2
- 4.4

0.2
2.0

5"0
7.9

6.3
7.2
2.2
2.4

3.5
1.4
1.0
0"2

- l.l
- 1.8

- 5.3
- 3.3

-10.4
- 7.6
- 9.5
-10.1
-oo

-11 .2
- 9.4
- 4.5
- 6.2

- 7,4
- 7.7
- 1.9

- 2.5

- t"7
- 3"0

2"3
4.9

6

7

6

il

5.8
6.9
1.6
l.g

2.
0.
0.
l.

2

I

2

4

- 2.1

- 2.9
- 6.2
- 3.7

- 5.5
- 4"9
- 5.5
- 5.7
- 5.8

- 6.2
- 6.2
- 3"9
- 5.8

- 6.2
- 6.8
- 1.9

- 5.8

l.
3n

0.
2.

5

4

2

2

3.3
8"9

5.8
6.7
1.5
2.0

2.1
- 0.5
- 0.2
- 1.8

- 2.1
- 5.0
- 6.0
- 3.6

- 3.6
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Appendlx - Table B

Moan Weekly Sol I Temperatures at the 5 cm Depth
for the l981-82 Stubble Helght Experlment

Week

End I ng

Treatment
Chem.

Fal low
Conv.
Tl I lage

7.5 cm

Stubb I e
15 cm

Stubb I e
30 cm

Stubb I e

Oct. l0
Oct. l7
Oct. 24

Oct.5l

Nov. 7

Nov. l4
Nov.2l
Nov. 28

Dec. ,
Dec.12
Dec. l9
Dec. 26

Jan" 2

Jan. 9

Jan. l6
Jan" 23

Jan. 30

Feb" 6

Feb. l5
Feb. 20

Feb.27

Mar. 6

Mar. l5
Mar.20
Mar.27

Apr. 3

Apr. l0
Apr. l7
Apr. 24

May

May

I

8

7.0
7.5
2.8
2.6

3

I

I

0

.8
n9

.6

.0

- 0.5
- 1"2

- 4.4

0.6
2"2

3

7

5

7

6. I

6.9
2.0
2.0

2.
0.
0.
t"

7

4

I

2

- 1.7

- 2"5
- 5.2
- 3.5

- 5.6
- 5.0
- 6.8
- 8.0
- 9.0

- 9.1

- 8"0
- 4"1
- 5"6

- 7.3
- 8.1
- 2.3
- 3.5

- 1.7
3.
0.
1.

9

I

9

2.8
7.6

7.4
7.8
3.2
2.7

4.2
2.5
2.1
0"5

- 0.0
- 0.8
- 3.8
- 2.4

- 9. I
- 7.6
- 9.4
- 9.8
- 9"5

-10.5
- 8.9
- 4.1

- 5.4

- 6.5
- 7.4
- 1"2

- 2.0

- 0.7
- 2.2

1.6
3.1

4.3
8.6

6"6
6.9
2"3
1.9

2"9
0.5
0.4

- 1.5

- 1.5

- 2.3
- 5.0
- 3.5

- 5. I

- 4.7
- 5.1

- 5.5
- 5.5

- 5.8
- 5.9
- 4.0
- 4"0

- 6.0
- 6.6
- 2.1

- 3"5

- 1"7

- 3.3
- 0.5

0.9

1"6
6.2

6.
7.
2.
2.

3"
0.
0.
0.

6

2

5

3

I

9

I
B

- 1.1

- l.g
- 4.2
- 2.7

- 2.7
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Appendlx - Table 9

Weekly Sol I Tomperatures at the t0 cm Depth
for the l98l-92 Sfubble Helght Experlment

Date
Chem"

Fal low
Conv.
Tl I lage

7.5 cm

Stubb I e
15 cm

Stubb I e
30 cm

Stubb I e

Oct. l9
Oct. 2l
0ct" 50

Nov. 6

Nov. l2
Nov. 20

Nov. 27

Jan. 6

Jan. I I
Jan. l8
Jan. 26

Feb. 3

Feb. l0
Feb. l6
Feb.22

Mar. 3

Mar. 9

Mar. 23

Apr. 6

Apr. l5
Apr. 21

Apr. 28

May 5

May ll

29

Dec.
Dec.
Dec.
Dec.
Dec.

2

I
l5
2t

.6

.0

.6

2

I

7

2

5

5

3.4

4"3

2

I

0

7.6
2.6
6.6

- 0. I
- 1"2

- 5. 1

- l.g
- 7.8

- 6. I
- 9.4
-12.6
-11.9

-12.1
-11.0
- 6.4
- 1"6

- 6.2
- 8.5
- 1.0

I l.g
5.9

6.
3.
6.

9

I
4

3.4
2.3
1.9

0.6

0.t
- 0.6
- 1.3

- 1.9

- 3.7

- 2.4
- 4.3
- 6.5
- 7,7

- 8.3
- 7.5
- 4"5
- 1.7

- 4"4
- 7.4
- 0.0

9.8
6.8

- 3.6
2.5
5.5
4.0

9

3

4

7

6.9
2.9
6.2

3.9
2.9
0.7
0.6

0.0
- 0.4
- 1.6

- 2.2
" 5"5

- 4.0
- 4.6
- 6.3
- 7.1

- 9.5
- 8.4
- 4"6
- 1.9

- 5.3
'7'3
- 0.4

2.2
4"4

7

3

6

0

I
2

3.8
2.8
2.1

0.8

- 0.9
- 3.7
- 4.5
- 4"9

- 6. I

- 5.5
- 3.2
- 0.7

- 3.2
- 6.4
- 0.6

- 3.0
2.3
4.3
3.1

9.4
4.2

0.2
- 0.2
- 1.3

- 1.7

- 5.0

6.
4.
6.

9

0

4

3.9
?

I

0

.5

.0

.6

I
I

I0.
4

0.0
- 0.7
- 1"8

- l.g
- 2.9

- 1"4

- 1.4
- 5.0
- 3.5

- 4.0
- 4"0
- 1.7
- 1.0

- 2.6
2.6
5.0
4.1

10.0
9.8
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Appendix - Table l0

Weekly Soi I Temperalures at the 20 cm Depth
for the 1981-82 Stubble Height Experiment

Date

Treatmenf
Chem.

Fal low

Con v.
Ti I lage

7.5 cn
Stubble

15 cm

Stubb I e
30 cm

Sfubb I e

Oct. l9
Oct. 21

Oct. 50

Nov. 6

Nov. l2
Nov.20
Nov.27

Dec. 2

Dec. 9

Dec" l5
Dec. 2l
Dec.29

Jan. 6

Jan. 1l
Jan. l8
Jan. 26

Feb. 3

Feb. 10

Feb. 16

Feb.22

Mar. 3

Mar. 9

Mar" 23

Apr. 6

Apr. I 5

Apr. 21

Apr.28

May 5

May l¡

7.0
4.6
5.9

5

2

1

I

2

7

I
2

0.7
0.0

- 1.2

- 2.4
- 6"2

- 4.5
- 7.6

-10.1
- 1 0.97

- 8.1

- 8.8
- 6.4

- 2.1

- 6.1

- 7.9

- 2.2

- 5"0
0"2
1.2
2.7

10.9
3.2

7.
5.
5.

0

I

7

4.7
3.8
2.4
1.1

0.6
0.3

- 0.7
- 1.1

- 2.5

- l.B
- 2.9
- 4.0
- 6.4

- 7.8
- 6.4

- 4.5
- 1"4

- 4"7

- 6.4
- 0.4

- 1.6
1.0
1.6
2"0

6.7
4.6

6.9
4.4
5.8

4

3

I

I

B

I

6

1

0.9
0.3
0.5

- 1"8

- 3.8

- 3.4
- 5.8
- 5.0
- 6.0

- 6.7
- 6.8

- 4.0
- 1.4

- 4"6
- 5.8
- 0.6

- 1.0
2.1

7.0
2.7

7.0
5.1
5.5

5"2
2.9
2.1
1.2

0

0

0

I

I
3

6

I

4

5

6

1

1

I

2

3

4.3

- 4.8
- 4.2
- 2.9

- 1.1

2.8
5

0

0

0

¡.0
0.1
0.8
2.2

7.5
3.9

7 0

4

7

5

5

4.5
5.1
2.6
1.3

0

0

0

5

1

4

4

1

5

7

2

2"

- 3.0
- 3.1
- 1.4

- 0"7

- 1.2

- 3.6
0.0

- 0.9
1.3
1.4
2.2

6.0
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Appendix - Table ll

Volumetrlc Soll Molsture for the tgg0-gl, and lggl-82
Sfubble Helght Experlments, Expressed as a percent

I' - Two repl lcatos only
- - Moans ln the same column

at the 0.5 level.
followed by the same lr¡tter do not dif fer slgnlf lcanfly

Treatment

1 980-8 I l98l-82

Apr. 24
I Oct. 7

I Apr. 26 May 22 June 21 July 20

Q-25 cn:

Cheml ca I

Fal low

Convent I ona I

Tl I lage

7.5 cm Stubble

l5 cm Stubble

30 cm Sfubble

25-100 cm: I

Chem I ca I

Fal low

Convent I ona I

Tl I lage

7.5 cn Stubble

15 cm Stubble

50 cm Stubble

34.56 ab

37.54 a

36.50 a

56.60 a

35.57 a

5l "60 a

51.02 a

50. 17 a

49.24 a

5l .61 a

40.68 a2

4l "72 a

41.65 a

4t.50 a

43.08 a

4.|.05 c

44.41 b

42.91 bc

45.71 b

48.46 a

55.29 a

54"14 a

49.Q7 a

52.64 a

52.75 a

43.19 b

45.61 a

45.45 ab

45. 17 ab

41.05

31.16 b

53.86 ab

31.58 ab

32.18 ab

34.95 a

32"85 ab

33.57 ab

51.08 b

32.21 ab

34.48 a
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Appendix - Table 12

Ef fects of Vo I unteer Bar I ey on
the Yleld of Winter Wheat

Means ¡n the same column followed by the same letter do not
differ signiflcantly at the .05 level.

Leve I of
I nfestat i on

Yleld
( kg/ha )

0

Light

Moderate

Heavy

5059 a
I

5184 a

4712 a

2735 b
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Appendix - Table 15

Weekly Mean Minimum Soi I Temperatures at the 2.5 cm Depth
for fhe l9B0-Bl Mulch Rate Experiment

Week

End i ng

Treatment

Norma I

0

Mulch
1 500 kglha

Mulch
5000 kg/ha

Mulch
4500 kg,/ha

Mulch
Mowed and

Raked

Nov" 29

Dec. 6

Dec. l3
Dec. 20

Dec. 27

Jan. 3

Jan. l0
Jan. l7
Jan. 24

J an. 3l

Feb. 7

Feb" 14

Feb. 21

Feb. 28

Mar. 7

Mar. l4
Mar. 21

Mar. 28

- 1.4

- 5.8
- 8.2
- 8,6
- 9.8

- 6.6
-12.6
- 8.5
- 5"2

-10.1

- 10.0
-16.1
- 0.6
- 5.1

- 7.5
- 1"8

- 2.6
- 0.6

- 0.9

- 6.1

- 8.1
- 9.0
- 10.7

- 6.1

-12.6
- B.l
- 4.2
- 9.1

-t 1.0
- 16.0

- 0.2
- 2.4

- 7.0
- 1.4

- 2.1

- 0.3

- 1.3

- 5.4
- 8.3
- 8.2
- 10.5

- 6.3
-11.2
- 8.1

- 4.7
- 9.1

-r0.1
-16.2
- 0.9
- 2"8

- 6.6
- 1.9

- 2.7
- 0.7

- 4.4

- 4.1
- 1.1

- 3.7
- 1.8

- 2.6
- 3.5
- 5.5
- 6.4
- 3.0

- 4.3
-10.3
- l.l
- 0"6

- 6.0
- 0.5
- 0.3
- 0.5

- 1.3

- 5"6
- 9.2
- 8.4
-10.3

- 6.4
-11 .7
- 8.1

- 4.7
- 9.2

-11.2
-16.2
- 0.7
- 2"8

- 7.1

- 1.8

- 2.7
- 0.8

1.5

- 6.5
- 10.5
- 9.3
-l 1.5

- 6.6
-12.5
- 8.6
- 4.7
- 10.8

-11.4
-17.4
- 0.9
- 3.1

- 7.6
- 1.9

- 2.6
- 0.6

Treatment
Mean - 6.6 - 6.4 - 6.4 - 3.3 - 6.6 7
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Appendlx - Table 14

Weekly Mean Mlnlmum Sol I Temperatures at the 2"5 cm Depth
for the 1981-82 Mulch Rate Experiment

l'leek
End i ng

Treatmenf
Sfubb I e Mowed

0

Mulch

I 500

kg./ha

Mulch

5000
kg/ha
Mulch

4500
kg/ha
Mulch

0

Mulch

I 500
kg,/ha

Mu lch

3000
kg,/ha

Mu lch

4500
kg,/ha

Mu lch

Oct. l0
Oct. l7
Oct,24
Oct.3l
Nov" 7

Nov. l4
Nov.21
Nov. 28

Dec. 5

Dec. l2

Dec. l9
Dec. 26

Jan. 2

Jan. 9

Jan. l6

Jan.23
Jan" 50
Feb. 6

Feb. l5
Feb. 20

Feb" 27

Mar. 6

Mar. l5
Mar. 20

ìtlar " 27

Apr
Apr
Apr
Apr
May

May

3

l0
17

24

I

B

6.7
7.7
2.6
2.5
3"8

1,9
1.6
0.4

-0.6
-1.4

-5
-2
-4
-4
-5

0

5

7

I

3

-6.0
-6. I

-5.5
-5"7
-2.8

-3.3
-4.9
-5.6
-0.8
-2.1

-0. I

-2.1
2.0
4.3
5.7

I 0.7

6.4
7.1
2.1
2.1
2.9

0.6
0"7

-0.9
-1.3
-2.3

-5.7
-3.4
-9.5
-6.3
-'1.4

-7.7
-6.8
-7.9
-7.4
-4.0

-4"0
-5.8
-6.7
-1.5
-3.4

-0.9
-3.2

1.0
2.8
4.9

lo.2

6"
7.
2.
2.
4"

9

7

9

7

0

2"0
1"7
0.4

-0.4
-1 .2

-4"3
-2"5
-6.4
-5.5
-7 .1

-7.8
-7.5
-7.5
-6.8
-3.3

-3.9
-5.7
-6.5
-l.l
-2.0

-0.5
-2.7
-2.4
-4 "5
-5"9

I 0.3

7.
7.
3.
2.
4.

0

I
2

7

0

2.0
1.7
0.5

-0"5
-0.8

-3.5
-1.9
-3.3
-3. I

-4"4

-4,9
-5. I

-4.8
-4.8
-2.7

-2"4
-4.0
-4.7
-0.4
-l.7

-0.5
-2.1

1.0
5"1
4.4

8"4

6.4
6.5
1.9
2.3
3.2

1.2
0.9

-0.5
-1.0
-1.9

-5.5
-3.2
-9.4
-7.5
-9.5

-9.7
-9.6

-10.2
-6.5
-4.2

-5.2
-7.0
-7.4
-1"7
-2.7

-0.2
-2.6
3.1
5.8
6.9

1?"5

7.2
7.8
2.9
2.8
4.4

2n4
2"1
0.7
0. I

-0.8

-4.
-t
-4o
'4"
-q

0

3

6

4

I

-6.9
-6.5
-6.3
-6"3
-2.8

-3.6
-5.0
-5.6
-1.0
-l "7

0.1
'2.
2.
4n

5.

2

0

I

4

9.1

6.7
7.5
2.5
2"5
3.6

1"5
1.3
0.0

-0.6
-l "4

-4.5
-2.6
-7.5
-5.8
-7.6

-7.9
-7.3
-8. I

-7.8
-3.7

-4" I
-6.2
-6.5
-1.4
-2.8

-0.5
-2"7

1"6
3.9
5"7

10"2

7.6
8.0
3.5
5.0
4.2

2.2
1"8
0.4

-0. I

-0. 7

-1 0

-2.1
-6.4
-5"4
-7.4

-8.2
-7.9
-8.5
-7. B

-3.9

-4.1
-6"3
-7.0
-1n5
-2.3

-0.9
-3"5

1.6
3.6
4"6

8.8

Mean

Oct.4-Nov.22
Nov. 25-Mar . 27

Mar.28-May I

3.8
-3.7
3.4

3.1

-5"0
2.5

4.0
-4"4
3.3

4.1

-2.7
2.4

3.2
-5"7
4.3

4.2
-t.7
5.0

3"7
-4.8
5.0

4"3
-4.6
2.4




