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Abstract:

No-till and conventional tillage methods of small grain production were compared in a dryland annual
cropping situation. Yield data were collected and the weed population in each cropping system was
characterized.

Tillage and no-till yields differed significantly in winter wheat, hut not in spring wheat or barley,
No-till winter wheat plots produced 875 kg/ha more grain and 1277 kg/ha more vegetative dry matter.

After one growing season, broadleaf weeds were generally more abundant in tillage plots. Some shifts
in the predominent weed species were also evident. Meadow salsify and prickly lettuce were more
common in no-till plots, while common lambsquarters was the predominent weed in tillage treatments.
Volunteer wheat was a weed problem in winter wheat, being more abundant in the tillage plots.

Moisture and temperature characteristics of the two cropping systems were studied to evaluate their
potential influence on weed populations and crop yield. Results indicate that no-till cropping is capable
of greater soil water accumulation and conservation. In the spring, no-till winter wheat plots contained
5.44 cm more available soil moisture than tillage plots in the surface 1.2 meters of soil. Tilled plots
actually lost moisture overwinter, due to evaporative loss from the soil surface, Temperatures measured
above and below the soil surface demonstrated significant differences between the two cropping
systems.

During the winter, no-till air and soil temperature fluctuations were less extreme than those in tillage
plots. In the spring and summer soil temperatures in tillage plots were warmer than in the no-till
treatments. This difference was as great as 4,1° C at a 2 cm depth.

Air temperatures in tillage plots were cooler in the spring and summer by as much as 4.5°C at a height
of 2 cm.
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ABSTRACT

No~till and conventional tillage methods of small gréin pro-
duction were compared in a dryland annual cropping situation, Yield
data were collected and the weed population in each cropping system
was characterized, :

Tillage and no-till yields differed significantly in winter
wheat, but not in spring wheat or barley. No~till winber wheat plots
produced 875 kg/ha more grain and 1277 ke/ha more vegetative dry
matter,

After one growing season, broadleaf weeds were generally more
abundant in tillage plots, Some shifts in the predominent weed
species were also evident. Meadow salsify and prickly lettuce were
more common in no-till plots, while common lambsquarters was the
. predominent weed in tillage treatments. Volunteer wheat was a weed
problem in winter wheat, being more abundant in the tillage plots.

Moisture and temperature characteristics of the two cropping
systems were studied to evaluate their potential influence on weed
populations and crop yield. Results indicate that no-till cropping
is capable of greater soil water accumulation and conservation, In
the spring, no~till winter wheat plots contained 5.44 cm .more available
s0il moisture than tillage plots in the surface 1.2 meters of soil.
Tilled plots actually lost moisture overwinter, due to evaporative
loss from the soil .surface, o

Temperatures measured above and below the soil surface demon-
strated significant differences between the two cropping systems,
During the winter, no-till air and soil temperature fluctuations were
less extreme than those in tillage plots, In the spring and summer
soil temperatures in tillage plots were warmer than in the no-till
treatments, This difference was as great as 4.1° C at a 2 cm depth,
_Air temperatures in t%llage plots were cooler in the spring and sum-
mer by as much as 4.5 C at a height of 2 cm. - -




INTRODUCTION

No-till farming is rapidly gaining acceptance among farmers in

many areas of the United States, It is presently béihg practiéeé
sﬁccessfully in corn, soybeans, cotton, rice, peanuts, wheat, barléy,
oats, tobacco, grain sorghum, sunflowers, forage crops, and soﬁe
vegetables, In 1976 no-till methods of crop productian ﬁere used on
'7.3 million acres in the U.S.; a value ﬁhibh represegts 206% of the
total cropland that year. An additional 5205 million acres, or 2809%
of the total, were cropped using a form of ﬁinimum tillage., By the
year 2010 it is estimated by the USDA that 90% of all U.S. cropland
will be in some form of minimum tillage production; and that né—fill
will represent over 50% of our total cropping acreége'(Triplet{ and
Van Doren 1977).

If the anticipated success of no-till is to be realized, a bet-
ter understanding must be gained as to its influence on the plant
growth environment., The ability of a plant to.grow and reproduce is
dependent upon external or environmental conditions, Soil moisture,
soil temperature, and air temperature are major variables in deter—
mining the.succeés of a crop.

The standing stubble environment created by no-till dryland
wheat production methods modifies temperature and moiéture céndi{ions
from those common to conventional practices. The nature and inten-
sity of these éhanées will affect crops, weéds, and their competitive

interaction,
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In this study no-till and conventionally cropped small grain
plots were.éstablished under dryland conditions., The objectives
were to determine 1) weed population and crop yield characteristics
of no-till and conveﬁtional methods in an annual cropping sitﬁation,
2) soil moisture, soil temperature, and air temperature conditions
created in each system, and 3) whether differences in moistgre and/or
temperatﬁre are of sufficient magnitude to contribute significantly

to crop and weed growth differences between the two systems.




LITERATURE REVIEW

Moisture
Small grain production under dryland condifions is dependent

upon the available soil moisture present at planting, and the amouﬁt
énd distribution of precipitation received during the growiﬁg seaséna
In the Northern.Great.Plains no other single factor is more critical
in limiting dryland small grain yields than is moisture (Bauer 1972).

| Becauée of their role in determining crop siuccess, soil moisture
and precipitation data are often used to project grain yields, Based
on 871 trials between 1909 and 1962 (Bauer 1972), more than 9.4 cm
of available soil moisture was required to obtain any yie}d of sfriné
wheat in the Northern Great Plains, Each 2.5 cm of moisture 'in ex- |
cess of that amount increased grain yields by 161 kg/ha. These data
‘represent méisture use efficlency under conditions df genefally
inadequate soil fertiliﬁ& and weed contro%o More recent studies in—
dicate'that highefr soil fertility levels improve water use efficiencye
_Bauer et al. (1965, 1966) reported an avefage yield increase of 403
kg/ha with each additional 2.5 cm of available soil moisture. Their‘
work involved 31 adequately fertilized locations in North Dakota.

Seasonal distribution is often more crﬁcial than the total amount

of precipiiation reeeived during the growing season, Water stress on
a cereal plant at a critical stage of development can result in signi-

ficant and irreversible yield reduction (Dubetz i9?3),
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It appears that all stages of plant growth-~from germination to

maturity--are sensitive to moisture stress. The degree of yield re-

duction depends upon intensity and duration of the stress, in addition

to the stage of plant growth. According to Aspinall (1965), the plant'
'érgan growing most rapidly at the time of water stress will be the

one most affected; Aspinall et al. (1964) conducted both long and
short duration stress experiments with barley at various growth stages.
Pre-flowering moisture stress resulted in 8% yield reduction while
stress at flowering reduced yields by 37%. Multipie (5-7) short-term
stress periods prior to flowering reduced yields as much as 70%, The
greater yield reduction observed when moisture streés occurs between
heading and flowering is probably due to the water stress vulnera-
bility of pollen formation and fertilization processes (Bauers 1972).
Robins and Domingo (1962).produced moisture stress on spring wheat

by 6mitting one scheduled irrigation during various plant growth

stages., Stress while plants were in the boot to heading stage resulted .

in 28% yield reduction, Water stress at boot to late heading, and
soft dough to maturity, resulted in yield reductions of 38% and 30%;
respectively, ‘
There are several ways, depending upon the plant development
stage, in which water stress can reduce grain yields. Chinoy (1962)
allowed wheat plants to wilt at one of three developmental éﬁages and,‘

" then kept them well watered to maturify._ The number of kernels pér.
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_spike was reduced Whenjmoisturg stresé‘occurréd at jdinting or at .
flowering., The number of spikelets per spike Wastalso reduced when
wilting occurred at Jjointing, but not at flowering, The number of
spikes and spike length were significantly reduced only when stréss
occurred dpring.the jointihg stage., Of the three stages studied,
tillering was the least sensitive to moisture stress. Wafdlaw (1966)
observed a significant reduction in seed set andllarger kernels in .
wheat plants which were stressed for six days; beginning at anthesis.

~ Langer and Ampong (1970) noticed a reduction in kernel weight when -

wheat plants were stressed at anthesis, Wells and Dubetz (1966) im-
poséd a Wafer'stress situétion under greenhouse conditions., A loam
soil Was'allowed to dry té 8 bars atmospheric pressure at one of four
plant developmental stages. The number of spikes was. reduced by 14% -

'When_Wheat plants were stressed at early boot stage or-at the soft
dough stage. Number of kernels per spike was reduced by 15% Wheh
soil moisture stress occurfed at early boot stagé.

No-till and tillage systems differ significantly in terms of spi%gf
moisture accumulation and moisture conservation (Jones et al., 1969, .
Wilson 1976)5*=The moisture advantages offered by no-till makelitf
eSpeciallf attractive in areas where moisture is sometimes limited.,

Standing stubble and surface mulch in no-till cropped cereals
cause increased soil moisture accumulation. Smika. and Whi£fie1d'(i§66)_:' ‘

measured the amount of total soil moisture accumulated overwinter in
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tillage and no-till plots. No-till plots consisted of standing stub-
ble (46 cm), while stubble in tillage plots had been incorpbratedo
Resuits demonstrate an overwinter gain of 5 cm moisture in the'top
1n8#m of soil on no-till plots. Tillage plots actually showed a net
overwinter loss of water.. Staple et al., (1960) determined from a 20
year study the average overwinter soil moistufe accumﬁlgtion in tilled-
and undisturbed stubble fallow in Saskatchewan. They reported soii
water increases of 5.1 cm in stubble and 1.1 cm in filled-fallﬁwo
| Krall (1969) and others have questioned the need for summer fal-

low in some areas. According to Black and Siddoway (1976),,of£en as
much sqil.moisture can be stored overwinter with no-till as during -
an entire summer fallow period using tillage. Increased soil moisture
.accumulation in no-till is due, in parf, to snow retention differences.
.The standing stubble acts as a snow trap to ﬁrevent loss of snow from
blowing and drifting, In many areas of the Northern Great Plains

the removal of snow by wind from cropland represents a significant
loss of potential moisture. Black and Siddoway (1977) recorded a
four fold snow depth difference between no-till and tillage,plots
after just one wind-accompanied snow storm;' Snow depth on £illage
plots averaged 6 cm while no-till pléts (38 cm stubble) accunulated .
26 ci, Adse and Siddoway (1978) used stubble heights of 0, 19;‘and

35 cm to study snow accumulation, The tall stubble collected 3.6
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times more snow and 2.5 times more water equivalent than the bare
plots du%ing one snow storm, -

Sﬁow moisture accumulation in no-till is aiso enhanced by in-
creased Water infiltrationD Early woxk done~by Barnes et al, (1955)
compared infiltration rates on bare and straw mulch covered soils,

In the first hour the water infiltration rate on mulch covefe@ soil
was 3.82 cm/hr while that for bare soil was 2°4§ cm/hr. Some re-
searchers attribute increased infiltration rates in no-till to im-~
proved soll macrostructure (Black 1973, Blevins ét ale 1977). .Russel

et al, (1975) observed an increase in soil surface aggregates, exten-

" sive root channel networks created by previous crops, vertical planes

of weakness remaining from drying or shrinking soil, and.an increase
in earthworm channels in the soil of no-till plots. He considered
the changes in macrostructure to be responsible for the increased
infiltration_rates.

No-till cropping practices not only accumulate ﬁore soil mois=
ture, but are also more efficient at conserving existing levels of;;;>
water in the soil, The surface mulch serves to éreatiy reduce eva~-'*
porative loss from the soil surface. Russel (1940) compared evapora-
tive water loss on bare soil and soils.covered with various amounts

of straw mulch, and found that bare soil lost the greatest‘amount of

" moisture, Evaporative water loss was reduced 55% by 2250 kg/ha of

ﬁuich, and 4500 kg/ha of straw reduced the loss from bare soii in the
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first 24 hours following irrigation by 62%. Bond and Sillis (1969)
noted that, because of decreased evaporatioﬁ, mulch covered soils
remained moist much longer in no-till plots following précififatibﬁo
Standing stubble, grass barriers, or any other férm of windbreék
also serve io reduce evaporation from the soil surface. Aase and
Siddoway (1976) showed bare soils exposed to reduced wind .movement

remained wet three days longer than check plots.

Temperature

Temperature is important in determining cereal growth and grain
yleld., However, it is aifficult to quantify its individual contri-
bution to yield in relation to that of moisture. Hopkins (1935), in
Canada, concluded that ambient temperature conditions during the
growing séason were secohdary to precipitation in determining grain
yield. .Blair (1918) found that in South Dakota ambient temfératures
during May and June'were often of greater importance than precipita~-

tion in determining wheat yields. Army and Hanson (1960) found that

spring wheat yields in Montana were more closely correlated £o tempef;_

ature than to precipitation after heading.

The effect of temperature stress on plant growth dgpends on the
stage of plant growth, Above average temperéturesrmay be détrimentél
at some stages and beneficial at others. Hopkins (1935) reported
above average air temperatures in western Canada to be detrimeﬁtal

during mid-season, ahd beneficial at emergence and prior to ripening. -
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Walster and Nystuen (1948) compiled spring wheat yield and air tem-
peiature daﬁa from 1911 to 1945 in North Dakota. They demonstrate
sigﬁificant negative correlations between yield and temperature during
June and July., Thompson (1962), using data from the DakotasAfroﬁ
'i935 to 1961, determined that air temperatures one degree (°C) above
average during April and May increased yields from 1201 to 22.9 Rg/ha.
The same temperature increase in June reduced yields by 61.9 to 63.2
kg/ha. In July the warmer temperatufe resultéd in yield reductions
of 15,5 to 57.8 kg/ha, Brengle and Whitfield (1969) noted significant
positive correlations between increasing soil temperature and grain
yield when temperature treatments were applied at the three-leaf
stage. Treatment at heading resulted in a significant negative cor-
relation,

Wardléw~(1970), in determining tﬁe effect of air temperature on
wheat yield, established three temperature regimes. Day/night tem—~
peraturés were 27/22, 21/16, and 15/10° C during the first ten days
after anthesis, Air temperatures before and afier the. ten day treat- -

ment period were 21° during the day and 16° during the night. The |
highest temperature treatment resulted ih'larger kernels ﬁut fewér
kernels pei spike., Total grain yield wasﬂhighést and vegetative .
yield lowest at 27/22° Asana (1964), uéing somewhat higher feﬁpéra—
. tures, found total grain weight per spike to aecrease.as‘air tem;_.«

peratures increased from 20° to 310 Co By'exposing 23-day-old wheat
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plants to an air temperature of 42° ¢ for 36 hoﬁrs, Sojka et al.

(1972) were able to significantly reduce fillering. Total dry weight

©at maturity had also been significantly rgducedu'

Fischer (1976) modified air temperatures in the Ffield by covering
plants with a transparent ventilated chamber that could be heéted
or cooled to diffef by as much as 10°'C from the ambient temperature.
He noteéd the greatest temperature effect between fhe time from
Jointing to anthesis. A grain yield reduction of 4% was associated
with each 1° ¢ increase above ambient temperature during that period,

Warrington-et al. (1977) deﬁonstrated direct effects of air tem-
perature on cereals, Spring wheat plants were grown in liquid growth
medium in chambers of controlled vapor pressure deficit, DPlants were
subjected to day/night temperatures of 25/20, 20/15, or 15/10 during
one of three growth stages for approximately a 30-day period., The
plénts Wwere grown at_20/15-during the other two growth stages. Growth
stages were: 1) germination to pre-boot; 2) boot to anthesiss énd ‘
3) anthesis to maturity. Total grain weight per spike was most af-
fected in stage 2, but was.also influenced in stagesAi'and 3,, Grain
weight per spike was largest at the lowest témpe:ature treatmenﬁa
Only the most distal kérneis on the spike were affected in stages 1"

and 2 while all were influenced by temperature in period 3; - The

number of kernels per spike was leaét affected by tempeigturé iﬁ stage

1, but at stage 2 there were 3.5 more kernels per head at_15/10 than -
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at 25/20o More fertile tillers per plant resulted from High temper-
atures in stage 1 and low temperatures in stage 2: Total vegetati&é
dry matter yields followed this same pattern, Plant heigh£ was only

affected in stage 2,'where low temperatures gave the shortest plants.

- The authors feel that temperature can influence yield at any stage

of plant development and that this influence upon &ield is growth
stage dependent. Total yield was greatest when air temperatures
ﬁere high in stage 1 and low in stages 2 aﬁd 36

Peters et al, (1971) found that night air températures of 8.9,
15,3, and 26.5° G corresponded to wheat yields of 2556, 2421, and |
1345 kg/ha, respectively., High hight temperatures reducediyields by
47,9, Kerby (1973) observed spike deformation from high éir temper-
atures to be very similar to that caused by 2,4-D.

Many -other researchers have done work to determing the influence
of aif temperature on cereals; all showed signifibaht responses. Con-
tradictions in response trends may be due to varietal differen¢e§
(as demonstrated by Varade et al. 1970), plant growth stage, or from‘
inability to separate influence of femperature interactions with thé
water balance of the plant,

Soil temperature has been studied by researchers in an effort
to determine its effect upon wheat and barley. Sojka et él. (;975),
iﬁ studying a Semi—dwarf spring wheat variety, obsérved bhé effeét'

of three soil temperatures, Treatments of 9, 15, or. 21° ¢ were
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initiated at the three leaf stage and continued for 25 days. Plants
were then harvested, and vegetative yields determined, Fifteen de;'

\

grees was the optimum temperature for shoot dry weight, root dry weight,-

tillers per plant, and leaves per plant. Brengle and Whitfield (1969)
found decreasing soil temperatures from 18° to 12° at this érowth
stage to cause reduced tillering of spring wheat. Labanauskas et al.
(1975) recorded nearly a 50% reduction in total grain yield when
soil temperatures during grain filling were increased from 150 to |
250 Co Individual kernel weight was ﬁuch reduced. Luxmoore et al,
(1973), using soil temperature treatments of 5, 15, énd 25° @ during
. grain filling, observed similar trends in grain yieldso' Tﬁe 1owest-
solil femperature during the 30-day treatment resulted in the highest
total dry weight per plant, iargest spike size, most kernels per
spike, and the largest tofal grain yield. Individual grain weight was
greatest at'15° G, OFf the soil temperatures 8, 12, 19, and 26° ¢ |
compared in a studylbyuBoatwright et al, (1976), the g:eaiest total
dry ‘weight per plant was obtained at 19°° Plants in this_study were
treated for 11 days, beginning seven dayé after eméréence, and'soil
temperatures were varied only in the top 2.5 cm of soil, Séil beloﬁ
that point was held constant at 18° a. . |
Whitfield and Smika (1971) in Colorado noted extreme variébility
in'varietal response to soil temperature. Wheat plgnts were sub—" |

jected to soil temperatures of 7, 13, and 18° ¢ from seeding until-
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plants were 3/h headed. Of the four varieties tested, two Were_winter
wheats (Witchita and Lancer), and two were spring wheats (Lee and
Crim). Winter wheat varieties produced more spikes per plant at 130
(after vernalization) than at 70 or 18°, Spring wheats, on the other
hand, produced most spikes at 18° and fewest at 70. Root weight in~
creased with increasing soil témperatuie for all varieties, but re;
éponse of top grdwth to temperature was again dependent on varietyn
Both winter wheat top growth yields were highest at 136. Lee énd Crim
vegetative yilelds were lowest at that temperature, and yiélded best at
18°, Tillering was greatest at 18° for all &arieties, Spikelets per
spike increased with increasing temperature in the winter wheats and
Crim sﬁring wheat. Lee wheat produced most spikelets per sﬁike at
'70° The number of tillers producing spikes was also:temperature
vdepgndent, The number decréased with increasing temﬁérature in Lancer
and Witchita, femainéd unchanged in Crim, and ihéreased in Lee, Wéli
_and Cartwright (1974) obServéd similar varietal differences in re;
‘sponse £o alr temperature,

| The crown node was tested by Boatwright et al. (1976) for its
role in plant response to séil temperature, It was concluded that
the crown node is the seedling part most sensitive to temperature;
and therefore, temperatures in the top 3 cm are the most.éiitical in
determining plant growth response, Smika (1974) attempted to détér—

- mine the optimum crown depth temperatures from planting to heading.
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For winter wheat varieties the greatest number of spikele%s per spike
were formed at 150 C, and the most spikes per plant resulted from the
130 treatment. For spring wheat varieties, spikes per piant and
spikelets per spikelwere greatest at 18° and 13.50 C, respectively.

The effect of a mulch on the soil sﬁrface, such as occurs in
no-till, is to lower temperatures of ‘the soil, especiall& near the
surface. Being a poor conductor, a straw mulch abSérbs fadiént energy .

from the sun but transmitsllittle to the so0il in the form of heat.
It also acts as an insulator to reduce transfef of heat from.warmer
alr to cooler soil,

Work doné in corn (Lemon 1956, Moch and Erbach 1977) shows that
a straw mulch on the soil surface results in reduced éoil'temperatures.
Van Wijk (1959) recorded average weekly soil temperatures to be as
much as 5,60 c lewer under mu;ch in corn. BHarly vegetative growth was
significantly reduced by this temperature depression in Minnesota and
Ohio; but not in Séuih Carolina where noimal soil temperatures are
significantly higher. The séme trend appears true fpr wheat and
barley. |

‘Black and Siddoway (1977) in Montana measured soil temperature
in spring wheat at the 5 cm depth from the middle of May to June 10.
Maximum soil £emperatures in no-till plots (stﬁbble heights of 28 and - -
38 cﬁ) averaged 18,3 and 17,1° G, respectively, while those in tillageA -

plots averaged 20.2° G, Black (1970) planted winter wheat by
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conventional methods and then covered the plots with straw, Residue
rates of 0, 1680, and 3360 ke/ha produced average midday May temper-
atures of 17;1, 12,0, and 8.1° ¢ at the 5 cm depths.

Aase and Siddoway (1978) planted winter wheat using no-till
methods into stubble heights of O (burned), 17, and 33 cm. Much of -
the loose straw was removed., Readings taken every half hour from
late September to early April showed soil temperatures at the surface
to differ significantly. During the fall and spring, stubble-plot
daytime soil surface temperatures were as much as 50 C cooler;
Winter temperature data showed the daily range of tempeiatﬁres in
stubble plots to be less extreme than those in bare plots. That is,
the highest and lowest soil temperatures recorded overwinter were in

bare plots, Under certain conditions bare-soil winter temperatures

fluctuated as much as 150 C daily while témperafures under tall stubble

-_varied only 1°," This pattern is principally due to snow insulation, .

Stubble plots in this example had approximately 11 cm of snow while
bare plots had snow only in the drill furrows.

Aase and Siddoway_et als (1977) suggested that under extrene
cold:conditions the added snow in no-till plbts could.insulate éuf—
ficiently to prevent or reduce.wiﬁter kill, Théir studies Showéd the

‘minimﬁm winter soll temperature at a 5 cm depth that year to be
--190 in'stubblé—free tillage plotss The minimum ﬁemperafure at‘

that depth in no—tilllplots (35 cm stubble) was -15° G, If the
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-threshqld_for winter kill of winﬁer wheat is -166 G at the crown
depth (Ulanova 1975), no-till would have been beneficial in reducing -
wheat loss,

Air temperatures are also affected by no-till. In the absence
of snow, daytime temperatures in the stubble are higher and night
temperature; lower than those over bare soil. Aase and Siddoway
(1978) observed higher fall and spring midday témperatures in stubkﬁeu

At a 5 cm height these differerices were as great as 3° C.

Weeds

Weed population changes have always accompanied changes in
agricultural practices-(Thurston 1971). The interaction between weeds
and their environment is delicate; and even a slight change in the
timing of events or'conditions of the enviromment may have a great
effect on weed growth, Weed responses to environmental chéﬁges in—t
clude éhanges in 1) the éize, vigor, or'cémpetitiveness of a weed,
2) the number of individual weed plants, and 3) the number of weed
species,7

The moisfure_characteristics of a soil are influencial in de-
termining the weed population density and species‘composition. This
is demons£ratéd by an experiment conducted under greepﬁouse‘conditions

by Weise and Vandiver (1970)., Corn, sorghum and eight weeds were

subjected to three levels of soil moisture. Common cocklebur (Xanthium -
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strumarium), common crabgrass (Digitaria sanguinalis), and barnyard-

grass (Echinochloa crusgalli) grew best and were most competitive

under moist soil conditions, Xochia and Russian thistle plants were
comparatively large and competitive at very low soil moisture levels,
Palmer amaranth was most suited to a moderate soil moisture cqﬁtent, '
The authors suggest that the moisture characteristics of an aréa
determiine, in part, the weeds which will be Present in agronomic
crops. They also demonstrated that the soil noisture level affects
the ability of a weed tb cbmpete with a croPnl

Weeds respond to temperature much as do crop plants (McWhorter
and Jordon 1976), Weed species differ iﬁ'their temperature requireQ
ments; and thus temperature change could be expected to produce some
change in the weed population (Hallgren 1976, Harris 1972, Potter 1976).

Weedé are a major variable in determining the success of no-till
yields. This is especially true in areas where the soil moisture
advantage of no-till is of primaxry ;mporﬁance. It has been shown
that weed populations can be changed by variations in temperature
and soil moisture, and that temperature and moisture conditions in
no-till can differ significantly from those of tillage methods. On
the basis'of thése facts alone, it might be expected that weed popu-~
1aﬁions in no-till will differ from those in tiiled system%; ‘However,
tﬁere are other, and possible more important, reasons why no-till i

weed problems should be different,
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Tillage in itself significantly affects weeds, Stobbe (1977)
categorlzed weeds under maJjor headings according to germlnatlon
response to tillage. Arable response weeds exhibit increased germi-
nation in response to iﬁcreased tillage. Germination of inverse
respense Weeds -decreases with‘increasing tillage., He found a shift
from tillage to no-till resulted in a shift towards less arabie
response weeds and mdre inverse response weeds. |

The increased dependenee upon herbicides in no-till allows for
additional.weed population changes., Weed population shifts in re-
sponse to herbicides are often rapid and dramatic (Fryef and Chaeelle.
1970, ‘Shuck 1975). Weeds'cbntrolled b& a herbicide decline in humber '
while resistant weeds become more numerous. Weeds not presently
controlled. by available herbicides should become more prevalentlin
non—tillea crops if they are suited to the no-till environment. Fur-
" ther restrictions are made on "available" hefbicides because, without
tillage, only those herbicides requiring no incorporatiOn'can be used;

Interception of herbicide spray by straw residue results in less -
herbicide reachlng the smaller weeds, thus, less effectlve weed |
control (Erbach 1975).

Actual reports of weed populatlon changes in no—tlll are common,
_ and;follow a general pattern. Bachthaler (1975) compared weed infes-
| tations in wheat for six years. Broadleaf weeds decreased in no—tlll

plots while perennial grasses (espe01ally Agropyron repens) 1ncreasedo
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The perennial grasses becéme such é problem that plots at some lo-
cations were discontinged after five years, From his own work and
that of others in Great Britain and Europe,'cussans (1975) concluded .
that, in general, annual broadleaf weeds are great;y reduced in no-till
_systemsn Annual grasses as a group follow no pattern. Some such as
Setaria 5Pes Avena fatua, and Bromus sp. have been reported to in-
crease significantly. Volunteer grain, often considered an annual
grassy weed, is usually less of a éroblem in no-till., Perennials,
especlally grasses, increase in no-till cereals. Researchers in thé

U.S. and Canada generally agree with the pattern outlined by Cussans

(Stobbe and Taylor 1977, Triplett and Lytle 1972, Kapastra and Strieka

1976, Larson 1970).'

Additional research is needed to determine effective means of

.ho-till weed control if the projécted success of this cfoppihg method

is to be achieved.. Proper timing of herbicides and use of Crop ro-

tations will be of primary importanée in adequafely controlling weeds

in no-till systems.




MATERTALS & METHODS

Two small grain cropping methods were initiated on a Manhattan
very fine sandy loam soil September 7, 1976 in a dryland égricultﬁrai‘
area of southwestern Montana. A description of these two methods is
presented in Table 1, This study was designed to compare yield aﬂd_
weed population characteristics of no-till and conventionalAsmall
"~ grain cropping practicesc. Temperature and noisture conditions thfbugh—
out the year were recorded in an effort to determine their rélation-
ship to the weed problem and crop yield of each cropping system;

Plots were established 15 km north of Belgrade, Montana in the
'Hérseshoe Hills., This area receives an average annual precipitation
of 35.3 cm (Appendix, Table 1)._ The study site is an area 91.4 x
100.6 meters, located on a northeast facing slope. Plots were ar-
ranged in a randomized complete block desién with nine replications.
Individual plot dimensions were 6.1 x 9.1 méters. The entire plot
area, had been cropped to winter wheat during the prévious'seasonv
(1975-76), Straw residue remaining after that harvest‘;veraged 4770
kg/ha with an average stubble height of 31.9 cm.

The two cropping methodé (treatments) were designated tillage
and no-till (Table 1).  Both treatments were established for winter
wheat, spring wheat, and barley., Cheyenne winter Wheatlwas.seeded at
a rate of 87 seeds per meter Sept; 28, 1976, Newana sfring wheat

(87 seéd§.per metér) and Shabet barley (54 kernels per meter) were
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Table 1: Treatment description for tillage and no-till on winter :
wheat, spring wheat, and barley plots from Sept. 1976 to Aug. 1977.

Crop & Date Tillage treatment

No-till treatment

Winter Wheat

Sept, 25 Seedbed preparation
Sept. 27 Pertilizer application
Sept. 28 Seeding

Octe 6 e

May 12 .28 kg/ha 2,4-D -

.02 kg/ha picloram

Aug, 4 : Hazvest

Spring Wheat and Barley

April 19 Seedbed preparation

April 20 . Fertilizer application
April 21 Seeding |
April 28 e

Avug. 12 Harvest

Fertiligzer application
Seeding
.56 kg glyphosate

028 kg/ha 2,4-D
.02 kg/ha picloram

Haxrvest

Pertilizer application
Seeding
.56 kg glyphosate

Harvest




22

seeded Aprii 23, 1977, Seeding depth was approximately 5 cm, and
Tow spacing ﬁas 35.6 cm in all plots. Both no-till and tillage plots
were seeded with a no-till press drill with double-disc openefso

The tillaée treatment consisted of planting info a prepéred seed~
bed. Seedbed breparation was accomplished by discing each tiliage
plot twice prior to seeding, Seed in no—tiil plots were sowﬁ'di-
rectly into undisturbed stubble. A post-plant pre—emeigence applica-
tion of glyphosate (N-phosphonomethyl glycine) at a rate'of 56 kg/ha
followed, Fertilizer (11-55-0) at a rate of 225 kg/ha (25 kg/ha
_ nitrogen) was surface broadcast to all tillage and no—tilllplpts im-
mediately pribr to planting, Tillage plots were discéd before'the'
application.

Post-emergence weed control was accomplished in. both treatments
by the use of herbicides. A late spring tank mix application of 28,

kg/ha 2,4~D (2,4-dichlorophenoxy acetic acid) and .02 kg/ha picloram

(4-amino-3, 5,6-trichloropicolinic acid) was made on no-till and tillage.

winter wheat plots, but was not considered necessary on épring wheat
or barley, All herbicides were applied in water at a rate of 190

L/ha. _All herbicides were applied with a CO

2 pressurized backpack

Sprayer.

Moisture

Soil moisture measurements were taken in the fali.of 1976, ‘spring.

of 1977, and again in the fall of 1977, A "King Tube"” was used to
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collect soil samples in 30.5 cm increments to a depth of 1.83 meteés.'
Due to pqssibie horizontal subsurface water movement below 1.2
meters, only soii noisture data to that depth are reported. Soil
samples were weighed, dried at 60° C for 48 hours, and weighed agaih
to determine méigture content on a percentage baéis; Water conten£
Waé then calculated by volume, Soil bulk density was estimatéa tofﬁe
1.4 g/cm3 (Ferguson 1978). i

Three permanently fixed meter sticks in each of six plots were
used to measure snow accumulation througﬁout‘the winter in the winter

. wheat plots.

Temperature -

Temperatures were recorded ﬁith YSI #44005 thermistors. Five
thermistors were positioned on a partially buried, white, wooden
dowel in such a manner thét temperatures could be measured at depthsl
of 2 and 8 cm below, and heights of 2, 8, and 16 cm above the soil
surface. The therﬁistors were positionéq on the north side of the
dowel in an effort to reduce the effect of soiar radiation 6n the
thermistors. .Because of thé expense involved, qnly enough theimisto%s
were acquired to monitor temperatures in six plots, Thfee no-till:
and three tillage winter wheat plots were selectéd randomly,‘aﬁd the
‘thermistors were placed in them December 16, 1976, An equilibrating

period of 21 days was allowed before the first readings were f@keno
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Air and soil temperatures were reécorded in tillage and no—tili
winter wheat plote from January 1 to August 20, 1977, Readings were
taken near midday at approximately weekly intervals throughout the -
eight month time period., Weekly temperature readlngs were then clas—
sified into one of three seasonal categories, according to reading
date, Winter temperatures were designated as those taken between'
January 1 and April 1., Spring temperatures were those recorded be-
tween April 1 and June 15, while the summer category included temper-
atures recorded between June 15 and Aug. 20. Temperature data frem
each season were then used to compute average seasongl midday tem-
peratures.,

Only temperatures on clear, non-stormy days were used in calcu-
1ating summer and sprtng_average temperatures., Data from both clear
.and stormy aays ﬁere used 1o- determine averagelmidday Winter tempere- '
tures., However, to compensate for the’ extreme weather varlablllty,»
three. sub-classifications of w1nter temperature conditlons were
created. Average temperatures were computed for each sub—category.
Daily maximum air temperatures were the basis for categorizing
temperature reading dates into these three sub-classifications. .
Maximum alr temperatures recorded at Belgrade‘were used to represent
“the approxiﬁate maximum temperature at the plot location oﬁ:each
recording date (Appendix, Table 3). Winter-subzero was the designaj

tion given to days with a maximum air temperetﬁre below'-oo C., Maximum
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alr temperatures between 0 and 50 C were considered winter-moderate
conditions; and winter-melt Wes the term applied to winter days wi%h
a maximum temperature ebove 59 C, Snow Wae present in af least SOme
of the plots during all temperature readinés classified in Winfef

categories,

Weeds

Weed stand densities in both winter wheat and spring grains were -

determined by actual counts at planting and at harvest., Weeds were
also counted on four additional dates between planting and -harvest
in winter wheat plots, but not in spring wheat or barley,"Weeds were
counted at harvest over the entire 55.5 m2 area of each plot in all
nine replicatiens of each treatment. Counts prior to that date were

made on two .5 m2 subplots in.three replications of each txeatment;

Yield
Plant heights ﬁere measured, and vegetative sambles were col-
lected throughout the growing season in order to estimate vegetative
- yield in winter and.spring wheat, Sixteen representative plents‘in ‘
each of three tillage and no-till plots were marked and their‘heiéhf
measured weekly. Marking was accomplished by placing a flagged: nail’
in the ground near each plant. Plants in a 2.44 meter length of row.

were harvested from each of these plots every two weeks, by clipping

" to ground level, Vegetative matter was .then oven drled at 60 ‘C for
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48 hours and weighed to calculate vegetative yields. The final
height and vegetative yield measurements at harvest were recorded
ffom all nine replications of each treatment,
Grain yield was .obtained by hand harveeting plants from a'1.73
m2 area in each plot., Bundles were tied and placed in begs to prevent
grain loss in handling, Samples were bhreshed with a gravity "Vogel"

thresher.. Spikes in a representative 2.44 meter length of row in each

‘plot were counted prior to harvest. The number of seeds per spike

was determined by harvesting 20 average mature spikes in each plot.
on Aug. 3.

When an effort was made to differentiate between volunteer‘end‘
non-volunteer wheat plants, an arbitrary decision was made to clase
sify as volunteer plants any which did not appear to originate near

the bottom of the‘seed furrow, This included plants betweeh rows

‘and those growing on or' near the crest of a seed furrow, .

Treatment means were statistically compared by means of‘e simple

analysis of variance,




RESULTS & DISCUSSION .

Moisture

A base-line value représehting the fall soil moisture levels
in both no-till and tillage plots was obtained on Oct. 15, 1976 by
sampling four non-tilled plots in the study area. The average amount
of stored moisture in the surface 1.2 meters of soil was determined
to be 18.74 cm on that date. Six months later, on April 15, a’notice—
able moisture difference had developed between treatments in the
winter Whéat plots. No-till plots had gained 3.69 cm of moisture, .
while tillage piotsvhad lost 1.75 cm. This‘constiﬁutes a difference
‘of 5.44 cm (Table 2). . The total precipitation received at the nearest
weather station (16 km south) over the six month timé period was

.32 cm.

Table 2: The effect of cropping method on overwinter soil moisture
. storage in winter wheat to a depth of 1.2 meters,

Soil moisture in cmil/r

Oct. 15, 1976 Apr. 15, 1977 Accumuiated
No-+111 . 18,7k . 22,43 3469
Tillage - 18,7 16,99 L1.75
Difference : . 5ol4y*

—/ Average from one 1.2. meter soil sample in each of 3 plots
* Significant at the P=,06 level :
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The overwinter moisture accumulation capabilities 6f tillagé ;
and no-till cropping methods can be attributed to différences‘in [Sislel g
retention and evaporative water loss. No-till plots accumulsted more
- snow over the winter than did tillage plots, due to the ability of -
standing stubble to retain or even accumulate snow under windy con-
ditions. The firét two mgjor snow storms during the 1976-7? winter
(January 3 and January 15) were both followed by strong northerly
winds. Snow depth measurements on January 18 demonstrate the effect
of stubble on wind blown snow (Table 3)., On that date 5.9 and 16.8 cm
of snow were recorded in tillage and no-till plots, réspecti?elyo
Greater snow depth waé recorded in no-~till plots following each wind-
accompanied énow storm'during the remainder of the year.

-The.significant over-winter loss of soil moisture f;om tilled
plots was probably due to evaporatioh rather than percolation., Thé
only significant loss of soil moisture in tillage plots occurred in
the first sampling depth (shaded area on Figure 1) with no significant
overwinter change in moisture below that depth, indicating no movement
of moisture down through the soil profile. Althoﬁgh some evaporative
loss appeared to have occurred on the surface of no-till piots,'the¥é _
was a six;fold greater loss in tillage plots. Soil~moisfu;e values
in tillage plots were significantly different from those of‘ﬁoftili' |

in all but the last depth increment (.9~1.2 m) (Figure 1).
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Table 3:
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The effect of cropping method on snow depth in w1nter wheat

» from Jan, 1 to April 7, 1977,

Cropping method and snow depthi/

ADr,

1/ Average of 3 measurements in each of 3 plots
¥ Significant at the P=,05 level
*% Significant at the P=,01 level

Date No-till Tillage “Difference -
cm cm cm

Jan. 6 . 19,8 15,8 ' 4;0**
Jan, 11 15,8 5.7 10, 1%
Jan, 18 16,8 5.9 : 10, 9%*
Feb, 1 11.6 .3 11,3%%
Feb. 7 12,5 03 ) 12,20
Feb, 15 8.7 0 , B ¥R
Feb, 17 7.2 0 7 2%

. Feb, 19 4,8 ‘ 0 Uy 8%
Feb, 22 1.7 7 10
Mar, 1 .2 .0 L2
Mar. 31 8,0 | 1.8 ‘ _éoz*
Apr. b 1,1 0 1.1

7. 0 0 | 0
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Figure 1: The effect of cropping method on overwinter soil moisture storage
in winter wheat to a depth of 1,2 meters. (Each point on a line is an average
moisture measurement from one 30-cm sample increment in each of 3 plots.,)
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Evaporation of soil moisture is réduced by straw. ‘When both til-
‘lage and no-till plots were free of snow (Sept. thru Dec. ), the straw
mulch in no;till plbts’would contribute tovevapqration differences.,
However, the length of time the.soil is covered with snow also coﬁ-
tributed to overwinter e&aporation loss differences. No-till plots
were covered with snow during a greater portion of the winter (figure
2). This situation was most noticeable in February when a warm beriod
caused a spring-like énéw meit. Tillage plots were completely free
of snow By Feb, 15. No-till plots on that date were covered with 8.7
cm of snow., Three days later the surche 5 cm of soil in tillage
ploté was dusf dry. No-till plots were still under 4.8.cm of snow,
This warming trend continued until Marcﬁ 1 when no-till piotS;were
muddy with some scattered snow cover remaining (Figure 2).A Tillgge
piois had been bafe of snéw for two W¢eks,land were dry on the surfsgce,

A series of snow étorms during March'and the first of April re-~
plenished soil méisture in both 'tre_atmentso However, they were not
of sufficient magnitude tolfeverse the net overwinter'evaporative
loss of moisture in tillage plots., | |

Although it was not the purpose of this experiment to study
water usage.of crop plants during the growihg season, some cbﬁpgriéoﬁéf.
of the two,cropping'methods and their.effect on wafer ﬁge are ﬁos— L
sible. On April 1 5', 1977 no-till winter vwheat plots contained 5°42-.

ém (Table 4), Those data indicate that plants in no-till plots uséd
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Figure 2: The effect of cropping method on snow depth in winter wheat from

Jan. 1 to March 1, 1977, (Each point on a line is an average snow depth measure-
ment from 3 locations in each of 3 plots.)
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Table 4: The effect of cropping method and kind of crop on amount
of soil moisture to a depth of 1.2 m on Oct. 12, 1977,

Kind of crop and soil moisturel/gv
Cropping Winter wheat Spring wheat Barley
method cm cm cm
No~ti11 22,32 21,99 22,86
Tillage - 20479 , 20,61 : 20,42
Difference 1.53 1.38 2o hy*

i/ Average moisture measurements from one 1.2 meter core sample in
each of 9 plots

* Statistically significant at the P=,05 level
more waﬁer over the summer than did plants in tillgge plots., Yield
data presented later support this conclusion, It is not suggested
that water is used any more efficlently, only that plaﬁts growing
under the no-till system used more water. |

Both tillage and no-till spring grain ploté were left as standing
stubble over the winter and therefore showed no,ovérwiﬁter moistﬁre
accumulation differences, By.Oct. 12, 1977 slight treatment gif-
ferences existed, with no—tiil plots having more moisture in the
surface 1.2 .meters of soil (Table 4)., Barley and sbring wheat no;till
plots contained 2,44 énd 1.38 cm more water, respecti&eiy. Greater.‘
evaporative 1oss.and/qr greater usage of water by planfs in tillaée;,'

plots may account for this difference.
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Temperature

Average midday temperatﬁres in tillage and no-till plots were
.compared under winter, spring, and summer conditions, Significan£
treatment differences were observéd for both air.and soil temperatﬁre
_during each of the three Seasons. Generally, treatﬁent‘differeﬁqes
were greater near the soil surface and diminished with increésing
height or soil depth. . |

Under winter—suﬁzero conditions'(déily maximum air tempersture
below Oo), there were no significant temperafure differences between
treatments above the soil surface. Howavgr, soll temperatures were
significantly warmer in no-till plots (Ta,ble.'5 and Figure 3). ' The
average midday no-till temperature for the winter-subzero category
was -l 1° C at a depth of 8 cm, The average temperaﬁure in tillaée
'plots at this.depth was —6000; or‘1.9o C colder. At a depth of 2 cm
- tillage plots ﬁere 1,8° ¢ cooler. Tﬁe insulation-effebt of snow is
probably responsible fqr the temperatﬁre difference 5etween treat-
ments; np—tiil plots were covered by 7 cm more snow, Aé.pointed out
by other researchers (Aase and Siddoway 1977, 19785),'the-milder'
subzero soil temperatures of no-till cropping‘ﬁay significan%iy
yeéduce winter-kill of wheat in cold areas of the U.S.

Tempergtures in tillage and ﬂo—till plots differed vefy little

on winter-moderate days (daily maximum temperatures between 0° and

50 @) Where differences existed, tillage plots.were warmer (Table 5,
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Table 5 The gffect of cropping method on average midday alr and s011
temperatures ( C) in winter wheat durlng winter, sprlng, and summer.‘_

Location of thermistor - A
in relation to the soil surface

Temperature Tregtment Height .30il depth
. "16 cm 8 cm 2 cm -2 cm | -8 qm
Winter-subzero NT -8.2 -6.5 -5.2" -, 6—/ -4 L—/
T "'703 "‘602 ’ "5.7. - "6 L" —6 O I
Win'ter-deéra'te NT 1 Q L" 1 ° 4 [} 6 - e 6 ) — [) ? )
T 1,5 1,7 2,0 =3 =u7
Winter-melt  NT . 6,0% 2.8 3% -7 -1l
T - 8.6 9,0 10,1 2 W9
Spring NT 22,7 24,8 | 28.2%  20.3%% . 14,0%
T 21,6 22,8 25,9 . 22.5 15,1
CSumer  NT o 32.7% 3B ORE  3B.5%k L 27.5%k  21,0%% -

T 314 327 34,0 316 . 23,9 -

/ Slgnlflcantly different (P“ 10) from the correspondlng tlllage
treatment mean
* 'Significantly dlfferent (P— 05) from the correspondlng tlllage
treatment mean. '

sk ‘Significantly different (P—n01) from the- correspondlng tlllage

treatment mean .
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Figure 3: The effect of cropping method on average midday soil and air
temperatures in winter wheat under winter-subzero conditions.
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Figure 4: The effect of cropping method on average midday soil and air
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Figure 5: The effect of cropping method on average midday soil and air
temperatures in winter wheat under winter-melt conditions,
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Figure 6: The effect of cropping method on average midday soil and air
temperatures in winter wheat on non-stormy spring days.
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Figure 7: The effect of cropping method on average midday soil and air
temperatures in winter wheat on non-stormy summer days.
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Figure 4). Temperature differences were greatest at the +2 cm posi-
tion where tillage thermistors were above the snow.line and no-till
thermistors were snow--coveredo The average tillage piot temperature
at this height was 1,4° C warmer than that of no-till plots,

The third category of winter temperatures is that of winter-
' me;t (daily maximum temperatures between.59 and 150'Cj. TemperatureS-
'in this category were recorded in February and'represent marm Winterzi
days when considerable snow melt occurred. No-till plots had an‘r.
average snow depth of 8.1 cmon the temperature reading dates placed
in this.category.v Tillage plots were essentially snow free;' This.
condition caused extremely large midday temperature differences
between the two treatments (Table 5, Figure 5). Temperatures were

higher in tillage plots at all five positions, but the greatest dif-

ference occurred above the soil surface, especially at the 2 cm helght.

Average midday temperatures at this position were 10,1° ¢ in tlllage
plots, and 3 .C in the snow covered no~-till plots, Treatment dlf—
ferences decreased with. 1ncrea51ng helght, but even at the 16 cm -
:pos1tlon_no—t111 was 2.6° Clcooler._ Soil temperatures dur;ng this_
February warming period remained-near'zero in both treatments;_ Sev- .
eral snow storms occurred in March, following‘the Fébruary Warmrné.
period.' Winter—mélt oonditions'foliowed‘each of theseNStorms.-

In splte of warmer air temperatures and earller snow removal

under W1nter—melt conditlons, growth of w1nter wheat 1n tlllage plots
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did not appear to be favored over that in no-till plots.  Soil tem-
peratures near 0° C in both treatmenfs during the winte:fmelt periods .
may account for the lack of earlier spring plant growtﬂ in fillage-

plots.,

Soil temperatures were cooler and éir temperatures warmer in no-
till plots during the spring (April 5 to June 15) (Table 5, Figure 6).2 _
Temperature differehces between treatments were greatest near the
soil surface. No-till soils were 2:2° C cooler than tillage plots
at a depth of 2 cm. Alr temperatures 2 ém above ﬁhe soil[surface in -
no-till plots were 2.30 C warmer, with an average;temperature bf 28b20
C. The tillage plot temperature at this height was 25.9° C.

Summer temperature profiles (June 15 to Aug. 20) ﬁere similar to
those in the spring; however, treatment differences were generally
greater (Table 5, Figure 7). No-till treatment temperatures beléw ‘
the soil surface were cooler than those of tillage treatments by an
average of 4,1° ¢ at the 2 cm depth. An even greater temperature.
difference was noted 2 cm above the soil surface where fhe aferage
tillage and no-till summer midday air temperatures were 34.0 and
38.5° @, i‘espectiw:;relyo At this position no-till plots Wgre'4.50 ¢
warmer.

Cooler spriné and summer solil temperatures in no-till ploté are
probably due to the shading and insulatihg effect of the sﬁraw mulch,

Straw insulation reduced heat exchange between the so0il and atmosphere.
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It aiso intercepts solar energy which would normally contribute £5
heating of the soil surface. Because of the poor‘conductive abilit&
of straw, little of the radiant energy that it absorbs will be
. transferred to the soil as heat. |

Spriﬁg apd suﬁmer air temperature differences betweeﬁ tillage
and no-till treatments is believedAto be caused, in par%, by the re—'.
duction of horizontal aif flow near the soil>surface in no-till piots.
| Aase and Siddoway (1978), in measuring wind flow at a height of 9 cm,
reported 5.5 times less horizontal wind passage in 33 cm stubble than
over bare soil, Skidmore (1976) states that the reduction of hori-
zontal. air movement and subsequent increase in'mixing of the air in
stubble is expected to result in higher daytime and loﬁér nighttime
temperatures.

The heat conserving properties éf stubble may also play a role
in air temperature differences. Aase and Siddoway-(1978) attributed
higher ﬁo-till alr temperatures to thei"ﬁeat trappiﬁg"'characteriStics

of stubble, They suggeét that stubble acts to consérve Héat derived
from long wave radiétion emanating from the soil‘sﬁrface.

Averagextempératufes in spring whea£ were déterﬁinéd:from four
sample dates during the period of time from Jﬁly 14 to Aﬁg;‘19'(Tablé
6). _Iﬁ order to make a valid comparison, a&erage tempéfatureéfin
winter ﬁheat piots were computed ﬁsing data from the samé dates.

+

Temperature differences between tillage and no-till plots were similar
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‘Table-6: The effegt of cropping method on average midday soil and
alr temperatures ( C) in winter and spring Wheat on non—stormy
sumner days.

Location of thermistor
in relation to the soil" surface .

Crép | Treatment Height - . " _Soil Depth
- 16 cm. 8 em 2 cm -2 cm . -8 cm
.Spring wheat NT © 31,9 3l 3 35.4**' 25, 9—/ 21, 3—/
| | T 3009 31.6 32,6 . 27.4 2.7
Winter wheat - NT 33.1%% 346 36.91/ Rt S 2—/
T 307 i I3 . 20.6 22.8

Yy Significantly different (P=.,10) from the correspondlng tlllage
treatment mean .
%  Significantly different (P" 05) from the correspondlng tlllage
treatment mean .
*% Significantly different (p=, 01) from the correspondlng tlllage
' treatment mean
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for both spring and winter wheat. No-till air temperatures were

warmer and soll temperatures were cooler than those of tlllage plots.

‘The Teason for somewhat higher temperatures in W1nter Wheat plots is ';

uncertain,

Weeds
Significant weed population differences develdped between tillage
and no-till treatment during this first year of study. A:list of -

weeds observed at the study site is presented in Table 4 (Appendix).

They will be discussed under categories of volunteer wheat, broadleaf '

weeds, and grassy weeds,

Volunteer wheat was a significant weed problem only in winter
wheat, and was much more serious in the tillage treatment (Table 7)e
The average number of volunteer plants/mZ‘Was determined to be 43,1
1mmed1ately prlor to plot establishment in September, 1976 ‘Counts.

conducted the follow1ng Aprll found 18 3 and 554 O volunteer plants/m

in no-till and tillage plots, respectlvely. The three—fold dlfference;

could be a. result of the: fail precipitation pattern and plantlng L

procedure dlfferences. Because of dry soil condltlons, only a portlon ..'

of the volunteer Wheat had emerged by Sept. 25, when the tlllage plotsj:

were disced. Receipt of 2.9 cm precipitation.shortly after_seedbed‘,~f

Preparation, and Wwarm temperatures well into:October,allowed germina;'
. tion and establishment of additional volunteer plants after Septa- 25

and before the Oct. 6 applicatlon of glyphosate in no—tlll plots.
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Table 7.: The effect of cropping method on the number of volunteer :
wheat and broadleaf weed plants in winter wheat. -

Number of plants per sguare meter277

—/ Slgnlflcantly dlfferent (P— 10) from the correspondlng tlllage ‘
treatment mean .

'Average from counts made September 24 1976 to August 13, 1977
(see Page 25 for number and size of plots counted)

Weed coimnts were taken Oct. 6 on untllled, unplanted check plots‘~.
but represent approximate weed stands in both tlllage and no-till"

plots on Sept. 24

Weed counts were taken Aug. 13, but. represent weed stands at
harvest on. Aug. 4. o

2

. Date . Broadleaf weeds .. . ~ Volunteer wheat .
- No-till ’ Tillage o ~‘Nogtill . Trllage. '

Pre—pla.n'tingg/ : 060'. | i 60, | 43,05 '43;,‘0'5:

Nove & . .3? 0 | e ,;-Q.'

Apr. 23 00 g0 w00 . 42.'3'3.;'(" )
Apr. 30 1&67—/ - 8.33 | 18.33;/ S 55 00 -

June 13 | 1.69 . 2,00, - 15001/ s, 33

- Harvest? 02 . .02 —_— -
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Both ééedbed preparation iﬁ the tillage plots and the glyphosate
application in no-till plois were probabiy'effective‘iﬁ controlling
volunteer plants emerged at the time of ‘these wéed control operations. -
However; a gfeater percentage of the total volunteer seed supply had
germinated before the glyphosaielapplication, resulting in beiter‘_'
volunteer control.

A second possible factor contributing to volunteer stand dif—
ferences is the ability of wheat seeds on the soil surface to germi-
nate, become established seedlings, and survive winter tempérétures.
No~till pianting causes little soil disturbance and leaves most'
volunteer seeds exposed on the soil surface. Seedbed preparatipﬁ in
tillage plots resulted in the shallow burial of almost all of the
wheat seed.;eft from the previous .crop. Low germipaﬂioﬁ and poor
overwinter sui?ival may account for reduced no-till volunteer stan&é
iﬁlthe spring.

Volunteer stands in_the spring grain plots immédiatgly prior to
seedbed preparation were found to average 39.O'p1ants/m2 (Table 8).
Seedbed‘preparationrin tillage plots and the no-till glyphosate
appl;cation Wére.bpth efféctive in controlling theée volunteer plants.-
Counte at harvest in both spring wheét and barle& fouﬁd oﬁl&.én‘éc—
casional volunteer wheat plant, |

The broadléaf weed §ténds weie‘thin”and variable during the

entire yeaf'at tﬁe study location, Broadleaf weed stands in winter
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Table 8: The effect of cropping method on'the number of volunteer
wheat and broadleaf weed plants in spring wheat and baxley.:

Number of plants per sggare'metezé/fﬁ__
Crop Date - Broadleaf weeds Volunteer wheat
: No-till Tilled No-till 'Tilled

Spring wheat Pre—plantingg/ ' 2:33 "2.33 39.00 ‘ _39.00
Harvestz/ A1 .18 .01 .01

oo 2f
Barley Pre-planting— 2+33 2.33 39.00 39.00
Harvestz/ 0L 06 .01 01

l/ Average from counts made April 19 to August. 13, 1977

3/ Weed counts were taken April 23 on untilled, unplanted check plots, -

but represent approximate weed stands in both tillage and no-till
_/ plots on April 19 :
3

Weed counts were taken Aug. 13 but represent weed stands at harvest
on Aug., 12
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wheat plots at the beginning of the stndy were limited to meadow

salsify (Tragopogon pratensls L.) and skeletonweed (Lxgodesmla

j__gga (pursh) D. Don), and averaged 6 plants/m (Table 7). Both of
these weeds were sporadlcally dlstrlbuted throughout the‘stndy.areagl
By'npril 30 there had been some increase in the aumber of broadlear.
‘weeds in:both‘tillage and no-tili winter wheat plots->the most dramatic'
increase occurring in the tillage treatment. Tlllage plots averaged
8.3 weeds/m : whlle there were 1. 7 weeds/m in no-till treatments. .
.On thls date there were 21 tlmes more waterpod plants-(E111s1a :
nvctelea) in tillage plots; -

‘An analys1s of broadleaf weed populatlons 1n winter wheat 1m— )
medlately after harvest (Aug. 13) revealed a sharp reductlon in total
broadleaf weed numbers, as-weIl.as.a disappearance of treatment
differences observed in’ the. spring.. THis is attributed to the ef-
footiveness oflthe:post—émergence broadléaf herhieide treatment‘ef’fi"‘
May 12 (Table ?);

' Broadleaf weeds in sprinévgrains‘were only'connted in.the’sbring'
-before plantlng, and in the late summer after harvest (Table 8) |

Preplant counts revealed broadleaf weed stands to average 243 plants/m ,

The subsequent seedbed preparatlon in tlllage plots, and the glyphosate ﬂjfyA'ﬂ.

appllcation in no—tlll plots, were: effectlve in controlllng the weeds :
emerged at the tlme'of-treatment. This is ev1dent 1n the post- har—

vest weed counts of Aug. 13 where there were 1ess than .2 weeds/m
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in all plots. No herbicides were applied to spring grains after
emergence, | |
After-harvest broadleaf weed_stands.in both barley ahd spring.

wheat were slightly higher in tillage plots, No—tlll and tlllage

Weed counts in barley averaged .04 and .06 plants/m ’ respeotlvely. L

Those in spring wheat were .11 and .18, respectlvelyr"Where these
differences were not significant, they appear to,reflect*cerbain

trends when the species composition is studied (Table 9). Meadow :

salsify and prickly lettuce were more- common on non-tilled plots while

common lambsquarters and Russian thistle were more prevaleht on the:

tilled plots. The differences observed for.skelejoﬁweed are believed"

due to a distribution pattern on the field, ra%her than from the
influence of treatment;- l
From the Aug. 13 data it 1s evident that it is not sufflclent

" to report the net effect of no-till on the hroadleaf weed populatlon.

',Some broadleaf weed specles may become more abundant 1n no-tlll plots K

. even though the total broadleaf weed populatlon decllnes. After

several years of no—tlll, it is concelvable that these specles could '

.become a maJor problemn It is belleved that of all the weeds ob-
_served, sals1fy 'is the most llkely to increase in numbers on no-tlll
plots. This biennial,. normally controlled ea81ly W1th tillage, shows

.cons1derable res1stance to glyphosate.
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Table 9:  The effect of cropping method on the species éomp051t16n
of winter wheat, spring wheat, and barley broadleaf weed populatlons

after one year.

2/

‘ . _Crop, cropping s&stem and number of weéas/ha—
- Weed Winter wheat Spring wheat - Barley
S i T NT T NT T

Prickly lettuce 0 . 0 120t 20 T39% 0
Lambsquarters = 0 .. . O" go* - 1116 20.i 66 '
ﬁeadow salsify 60 . .0 . 618%* 0 239$/ ‘['O;,

Skeletonwéed : 159 ‘179 199 ﬁ98 .,01/ ‘438
Russian thistle - 0 . 0 . 0 120 0  iko:

Misc. broadleaves O o s ko 20 .0

s 638

. TOTAL broadleaves 199 479 1057 1994

/ Slgnlflcantly differént (P— 10) from the correspondlng tlllagea_

treatment mean: - .

Average of one 55 mz

‘13, 1977

count on each of 9 repllcatlons on August

* Slgnlflcantly dlfferent (P—.O5) from the - correspondlng tlllage:

treatment mean

** Significantly dlfferent (P—.Oi) from the correspondlng tlllage

treatment mean.
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Downy brome was the only grassy weed present in the plots.
However, because of its pattern of distribution at the-study site,
it Was impossible to evaluate its response to tillage and no-td;l.h
Plots containing appreoiable'stands of this‘weed.were'individually
treated with paraquat (1, 1'—d1methyl 4 4t blpyrldlnlum 1on) or
metr1buz1n (4—am1no-6-tert-butyl-3-(methylthlo)—as—tr1a21n 5(4H) one)
to minimize. its- 1nf1uence on yield results° These herblclde treat—
ments were very' effectlve in their control and d1d not appear to
adversely affect yleldsn In addltlon it was observed that downy brome
grass was_somewhat,more\susceptlble to paraguat‘than to glyphosate,
while the.reverse was true for volunteer wheat. - | |

Downy brome is believed to pose a serious. threat to the success
of no-till small graln productlon in many areasi Though'it dS'not
reported on in thls study, 1ts 1mportance should not be overlooked.

"It has been demonstrated in thls study that no-tlll weed popu—
latlons can dlffer s1gn1flcant1y from those of tlllage systems, even:
during the flrst cropplng season.‘ According to- Welse and Vandlver
(1970) and Hallgren (1976), a dlfference or change in weed popula—i"
tions could be partlally attributed to m01sture and temperature..
“'However, when conslderlng the magnltude of the moisture and tempera—:"
ture dlfferences observed 1n thls study, thelr data suggest that the:

'contrlbutlon would be minor. The response of a weed to s01l
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dlsturbance, and/or 1ts susoeptibility to glyphosate were seen as

the maJor factors 1nfluen01ng weed populatlon dlfferences. “

Yield

Plants were taller and vegetatlve yields higher in no—tlll w1nter'
wheat plots during the entire grOW1ng season (Flgure 8) At harvest
wheat plants averaged 22 7 cm taller in no—till plots (Table 10).
Winter wheat: vegetatlve yleld differences Wwere apparent on the first
sampling date (May 7) and increased over the summer (Flgure‘9). At
harvest; total anoveground vegetative dry matter yields.were-2848"
~and 4125 kg/ha‘in tillage-and no-till“plots, respectively (Table 11).

Winter wheat grain yields were significantly higher in no-till
plots. An average of 954*kg/ha of-grain was produced on'tillage'plots

while no—till plots yieldea 1829‘kg/Ha:(Table212).‘-Volunteer plants

‘ ocontrlbuted 25 percent of the productlon on the tlllage plots, and .

_‘seven percent on the no-tlll plots. In spring grains volunteer made.“»'
no significant contrlbutlon to yield.

In w1nter wheat, an interesting relatlonship ex1sted netween -j'
total grain ‘yield (volunteer plus non—volunteer) and the number of .|
. volunteer plants per square meter., “The . correlation coeff1c1ent for
these two varlables was r—-.83 (Table 13), 1ndlcat1ng that. as volun-i
teer stands 1norease; totalhgrain yield deoreases. ln the_sprlng,_"'

soil-moisture:levels-at‘theﬁstudy,siteﬂwere apbarently‘only;marginall~. :
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Figure 8: The effect of cropping method on the height of winter wheat plants,

(Each point on a line is an average height measurement from 16 plants in each
of 3 plots,)
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Figure 9: The effect of cropping method on aboveground vegetative dry matter
yield of non-volunteer winter wheat from May 7 to harvest., Data used to construct
graph are a mean of six values. (Each point on a line is an average yield
measurement from 1,73 square meters each of 3 plots.)
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' Table 10: The effect of cropping method on. winter and spring wheat
plant height at maturity. .

Cropping method and plant Heighei/Af.'

. Crop No-till Tillage - :Differenee
cm cm . - cm o
Winter wheat—/ 91,1 L 68 ~'~-j _ i 22;7**-;-.«'
Spring Wheab—/

7048 68,8 - 2.0

1/

Sixteen plants measured in each plot

Average plant height measurements from each of 9 plots-.”

Average plant height measureménts from ‘each of 3 plots .
*% Corresponding tillage and no-till treatment means are s1gn1f1cantly X
different at the P—.Oi level ‘
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Table 11: The effect of cropping method on aboveground vegetative
dry matter yields of wheat and barley at time of grain harvest.

"Vegetative yieldl]

Crop _ : Treatﬁeht l Volunteer Non-volunteer Total .
o kg/ha kg/ha kg/ha .
Winter wheat  NT 28lx% ' 38U4L%x - Bh125%x
T 82l 2024 2848
Spring wheat NT . . e—= e 3816 -
T e me— 73690
Barley NT ——  | S— 0 4102
| T | — e— . 4160

—/ Average yleld measurements from 1. 73 m2 in’ each of 9 plots
** Significantly different (P=,01) from the correspondlng tillage

treatment mean .
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Table 12: The effeot of cropping method on grain yield of w1nter
wheat, spring wheat, and barley.

Grain yield (kg/ha)£7r-::

Crop Treatment Volunteer - Non-volunteer Total
Winter whegt NT 121% 1708%% - ’ 1829**7>“

T 202 712 954
Spring wheat  NT 23 11589 1612

T 5 1624 1630
Barley NT — — 2055

T — — 2131

—/ Average yield measurements from 1, 73'm2 in each of'9 plots

- % Significantly different (P=.05) from the correspondlng tlllage
S treatment mean
. ** Significantly different (P—.Oi) from the correspondlng tlllaget
' treatment mean O
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Table 13z Correlation coefficients for six selected variables '
compared to winter wheat grain yields. ' ' :

Variable. : ‘ ' ‘ r—-value}-/ -‘
_ Volunteer‘culms/m2 . ' 7'83*
Spring soil moistureg/ ‘ '- .89%
Spring airltemperaturez/ | . o 7h
Summer air temperature&/ _ L6
Spring soil temperatureé/ - e 7H
Summer soil temperarureé/ ' -, 92¥

Yy Each correlation eoefficient is for 6 X-Y pairs

:, April 15, 1977 soil. m01sture to a depth of . 1 2 m o

3 Average air temperature at 2 cm helght for sprlng perlod"
Average alir temperature at 2 cm helght for summer perlod »
_ é Average soil temperature at 2 cm depth for sprlng perlod

Average s0il temperature at 2 cm deépth for summer perlod_”
* DBignificant at the P—.05 level .
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for annual cropping winter wheat productlon. An increased number

of volunteer wheat plants/m provided additional competltlon for ‘the

limited avallable water. The fact that m01sture was a crltloal factorx

1n determining yield is also demonstrated by a positive oorrelation'

| Of =, 89. .

Winter wheat yield was .further broken down into yield tomponents

- of kernel weight, kernels per spike, and spikes per'souare meter,
(Table 14). Plants in no—till plots had,more_kernels per spike,"and

" kernels were heavier than in tillage'treatment plants, There were

also more non-volunteer spikes/m2 in no;till.plots. Either.soil‘
moisture or temperature could have been responsible‘for these aif-
ferences, |

Sprlng wheat plants were slightly taller and the aboveground

vegetatlve dry. matter yleld was sllghtly heav1er in no—tlll plots '

.during the year° Howevery treatment drfferences.were notpstatlstl—‘»'a'

cally significant'(Tat&e'io and 11). Grain yields averaged somewhat-

' hlgher from tillage plots, but the treatment dlfference was not

'Slgnlflcant (Table-12) In spite of the fact that ylelds were not

significantly dlfferent, there were 51gn1f1cant treatment dlfferencesA

noted in kernel Welght (Table 14)

Barley vegetative and grain yields-were determined'to be.slightly o

higher in tillage plots (Table 12) A statistical. analys1s dld not

show elther tlllage yleld advantage to be s1gn1flcant.
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Table 14: The effect of cropping method on three grain yleld com-
ponents of winter and sprlng wheat.

, . . Yield component )
Crop ' VTreatment Kernel / - Kernels 2/ Splkeﬁ 3/ :

welght~ per spike~ per m
(mg/seed) - '
Winter wheat NT - 36.2**. ' 15.6%% . 2?3;8*4
T 317 75 22k
Spring wheat ©NT 27.1% © T f1,1 7 30045 . .
T - 285 13,5 29743

1/

Averasge weights from kernels of 20 spikes in each of 9 plots
Average numbers from 20 spikes in each of G plots

2/ Average numbers from .87 mz in each of 9 plots . :
* Significantly different (P=,05) from the correspondlng tlllage
.+ treatment mean
. %% Significantly dlfferent (P“.Oi) from the correspondlng tlllage
treatment mean




Ll

62

The fingi objective of this study was to determine whether
tempeiature and moisture conditions in no-till plots were sufficiéntly
differenf from those of tillage plots to have made a signifiéant
contribution to the observed crop yield differences. |

The only significant soil moisture difference was in‘winter‘
wheat; No-till plots had accumula£ed 544 em more available mois£ure
o&er the winter period. According to.Bauér et al. (1972).this-adr
ditional amount of water could account for a yield iﬁcrease of as
much as 860 kg/ha in annually cropped spring wheat, and slightly more
in winter wheat, Even under cdnditions of poor weéd controi and low
'soil fertility, they estimate that this amount of additional mqisfure.
should increase grain yields by 345 kg/ha. From these data it is
concluded that soil moisture differences éreated in winter wheat ‘
plots were of sufficient magnitude during this year of below normal
precipitation ﬁo contribute significantly to observed yield differen-
cess The correlation coefficient between winte?lwheat grain.yielé
and spring soil moisture is r=.89 (Tablé 13). |

Midday'spring and summer temperaturés characteristic to tillage
'floﬁs were significantly different from those of no-till in all three
crops. These temperature differences were.large'enoﬁgh to cause
.yield differences, For example, estimates by Thompson. (1962) suggest
that spring air temperature differenceé alone could héve éccounted

for a 20 kg/ha yield increase in no=till piots; The cqoier soil
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temperatures in no-till plots at thls time of year are cons1dered

detrimental, however, and may have negated any. yleld beneflt derlved .

from warmer air temperatures. As much as a 70 kg/ha grain yleld
difference could have-resulted from summer air temperature'dif—a,_'

ferences, the greater yield occurrlng in the- tlllage treatment. How-"

ever, the less favorable summer soil temperatures in tlllage plots may.

have dlmlnlshed this yield advantage, or even overcome it entlrely.

The alr or s011 temperature differences in elther sprlng or
summer were 1arge enough to cause grain yleld dlfferences when con-
sidered 1nd1v1dua11y. But, the net effect over the ent1re-grow1ng
season may be small due to "Cancellation effectS".

Correlations between air temperature and wrnter wheat grain
yield were‘not significant (P€,05) during edther_spriné or summerp
COrrelations betweenlsoil temperatures and grainlyieid‘Were signie }
ficant during the -summer, but not sprlngo

Tlllage and no-till ylelds dlffered slgnlflcantly only for that

crop in which no—tlll-had a. s1gn1flcant m01sture advantage-(W1nter

Wheat) ThlS is 1n splte of the fact that growing season temperatures-

differed s1gn1f1cant1y between the two treatments in all three crops.
From this obserVatlon it was concluded that under the cllmatlc con-'

ditions of the 1976—77 cropplng season treatment temperature dlf—

. ferences had little net effect on yleld; or the effect was masked hy31
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other opposing influences, It was also concluded that the moisture .
~variable was the primary. factor involved in dbtermihing.yield dif:j',;

ferences between treatments in thié'study.‘




SUMMARY

Temperature amd moisture characteristics of-tilled and noﬁ—tilled
annually cropped small grains_were studied in‘an effort to‘determihe‘
their influence on Weed'population and crop yleld dlfferehces. The
major findings and .conclusions are:

A.lTemperaturel‘

1) Minimum-soil temperatures during the wdnter'Were as'much asa'

1. 9 G mllder in no-tlll plots., | | |

2) Alr temperatures during the spring and summer were s1gn1f1—

cantly warmer in no—till plots, the treatment.differenoes diminishing

with increasing height, - At_a_height‘of 2 cm no-till plots'averaged-

2,2 and 4,1° C warmer than tillage'plots during the spring and summer,

respectively.

- ) Soil temperatures durlng the spring and sunmer were slgnlfl—
cantly cooler in no-tlll plots; the greatest dlfferences observed :
were near the sorl surface. At a depth of 2 .cm no-till plots averaged
,2;3 and.Llf.SO o cooler:than,tlllage plots durlug theISprlng and.summer,
_respectively_‘; | | | - S S

B; Moisture

1) More snoW'accumulated and snow remained.in‘the'plotsvover'-f
a 1arger portioh‘of the mlnter ih the moetill treatmeht.“ - |

2) No-till plots accumulated 5444 cm more s01l moisture to a
depth of 1,2 meters during the W1nter perlod. The tlllage treatment

showed a net loss of soil moistUre, primarily due to eyaporation.
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C. Weeds

1) Volunteer wheat was a serious b?oblem in winter wheat,'Being
more abundant in tillage plots, |

2) After one growing season meadow salsify and.prickly lettuce
were more common in the no-till treatment, Cdmmon lambsqﬁarters Was
more abundant in tillage plots,

'3) Temperature and moisture differences betwéen the two.cropfing-
systems appérently had little influence on weed poéulaﬁions..

4)- The absence of tiilage and use of glyphosate in ﬁo—till plots
were seen as the major_factors contributing to weed fopulétion dif— |
feiences between théAtwo cropping systems;

D, Crgp

1) Grain and vegetative winter wheat yields were significantly
higher in the no-till treatment,

2) No significant yield differences were observed in spring
ﬁheat or barley. |

3) Temperature differences were believed to have a minotr in-
fluence on crop yield;.or, the influence was hidden b&,qther vériables.

4) The moisture advantageé of no-till cropping systems is |
credited gs‘the'majOQ causé of significant'yield differences in‘thié

study.
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APPENDIX

Appendix table 1: DPrecipitation recorded at Belgradé FAA Airport

from Sept. 1, 1976 to Oct. .31, 1977.

Precipitation in centimeters. .

Month 1976-77

% (limatological Ddta Montans average for the period

1941 = 1970

Normal* Depatture
‘ from normal -

Sept. S T2 3,53 e )

Oct. ' 2,72 2.5 a8

Nov, _ ' 42 .2.06 -1.60 - -

Dec. | .28 1,50 .22

Jan. I 1,68 .02 -

Feb. o .23 1,04 '}€81

Mar.. - 3.94 2.2 1,73 .,

Apr., - .89 295, =2,06

May 6,50 533 Ly

June 589 6.78 ~.B9

iy . 2.6 2,79 =63

T o 2,92 I

Sept. - 762 3.53 09

Oct. . 2559 o208 | ._,95'3_:
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Appendix table 2: Soil a.nalysm taken to a depth of 1.2 meters on
Sept. 15, 1976 at Horseshoe Hills 1oca.t10n. ,

" Block  Organic .Phbs.phor.ous ‘Potassium Nitrogen pH
Matter % . ppm ‘ ppm- . - - DpW -
1 2.1 15 290 237 . 82
2 1.8 11 C o280 177 - 8.2
3 : . 1,6 9 250 1.12 - 8.2 7

Average  .1.8° . 14,7 2733 L7750 8.2
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Appendix table 3: Maximum and minimum air temperatures (°C) recorded
at Belgrade FAA Airport on dates corresponding to winter wheat plot
Dates are grouped according to temperature

temperature readings.

33.3

categories.,

’ ‘ Daily Daily
Category Date maximum minimum
Winter-subzero Jan, 6 -8.9 ;20.0

Jan, 11 -8.3 -23,9
Winter-moderate Feb, 1 1.7 —13.3‘
Feb, 22 30‘9 -1.1
Ma.I‘o 1 06 "506
Mar, 25 3.9 -3.3
Mar. 31 3»9 "803‘
Winter-melt Feb? V4 2.8 ) —i5.0
Feb. 15 7.2 -6.7
Feb., 1? 10»0 -309
Febo 19 1107 ""500
Spring APro 6 2309 "208
Apr,. 15 16-7 -3.9
Apr. 30 2%.1 4oL
May 12 23.9 1.1
Juhe 1’4’ 2101 90""
Sumner June 23 27,2 11,7
Juy 1 31,1 5.6
July 5 25,0 6.7
JUly 8 2?08 803
July 28 8.9

Climatological Data Montana
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Appendix table 4: Ten most common weeds identified between Sept.,
1976 and Aug. 31, 1977 at the study site in Horseshoe Hills,

WSSA Common name

‘Scientific name

Common lambsquarters
Downy brome
Flixweed

Meadow saisify
Prickly lettuce
Russlian thistle
Skeletonwesd
Sticktight

Waterpod

Vinter wheat (volunteer)

Chenopodium album L.

Bromus tectorum L.

Descurainia sophia (L.) Webb .

Tragopogon pratensis L.

Lactuca serriola L.

Salsola kali L.

Lygodesmia juncea (Pursh) D. Don

Lappula redowskii (Hornem,) Greene

Ellisia nyctelea L.

Triticum aestivum
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