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Abstract

A field sudy using farm sca e seeding and harvesting equipmentswas conducted to assessthe effect
of stubble management on the microclimate, water use and seed yield of canola at Swift Current on
Swinton Siit Loam. The differences in wind velocity, soil temperature and solar radiation reaching soil
surfaceindicate sgnificant modification of microclimateby tal stubble compared to cultivated plots. Stubble
management did not influence biomass production and water use. But tal stubble significantly increased
seed yield and water use efficiency over other stubble treatments. Seeding dates interacted with stubble
treatments. Theresultssuggest that, early or fal seeding may be better to exploit the potentid of tal stubble.
Thustal subble has a great potentid in the heat and water stressed semiarid prairie.
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Introduction

The growing season on the Canadian prairie is short and crops are subjected to increasng
temperature stress and precipitation deficit during the season. The deficit between water supply and the
potentia evapotranspiration increases through the growing season in this region. The crop productivity is
directly proportional to the amount of water transpired. The transpiration can be increased ether by
increasing water supply or by reducing evaporation. Therefore any practice that improveswater available
for trangpiration either by conserving or by reducing evaporation, increases crop yield.

Standing stubble increases snow trapping compared to fallow field (Lafond et d., 1992). The
amount of snow trapped is directly proportiona to the stubble height (Aase and Siddooway, 1980;
McConkey et d., 1997; Steppuhn, 1994). Therefore, the practice of using taller standing stubbleincreases
water supply to the crops.

Tdl ganding stubble reduces wind speed, solar radiation reaching soil surface and maintains soil
temperature cooler than falow (Cutforth and McConkey, 1997). The dtered energy baance reduced
water lost by evaporation. The mgor changes in microclimate are noticed early in the growing season,
when the crop canopies are smdl and cannot regulate evaporation loss on their own.

The microclimate aso has direct effect on the crop (Aase and Siddoway, 1980; Cutforth and
McConkey, 1997). There are indications that reduced turbulent air mixing due to reduced wind ve ocity
and reduced solar radiation by tall standing stubble are enough to reduce evaporation, but not enough to
reduce plant photosynthesis. On the other hand, greater biomass accumulation in tall stubble compared to
cultivated/falow plots has been reported (Aase and Siddoway, 1980; Cutforth and McConkey, 1997).
The cumulative result of al responses to tal subble was increased yield in wheet and pulses at Swift
Current over cultivated plots. However, the response to stubble microclimate depended on crops. No



informétion is available on the benefit of tal stubble for canola. Therefore, a large scde fidd trid was
planned with following objectives.

1. To study the effect of stubble management on microclimate under a canola canopy.
2. To determine the stubble management effect on canolayield and water use efficiency.
3. To determine the effect of seeding date on canola response to stubble management.

Materialsand M ethods

The experiment was conducted on a Swinton loam soil (Orthic Brown Chernozem) at the
Agriculture and Agri-Food Canada, Semiarid Prairie Agricultura Research Centre (SPARC), Swift
Current during 1998-1999 season. Six stubbletreatments, tall stubble (>30cm), tall stubblewith 34 kg ha't
extra N (Black soil zone fertilizer rate), short stubble in fal (15 cm), short stubble in goring, spring
cultivated and fdl cultivated werelaid out in large plots. Three seeding dates, latefal (Nov 6, 1998), early
gpring (April 24, 1999) and late spring (May 19, 1999) were super imposed on each main plots. Themain
and subplot sizes were 45m X 45m and 15m X 45m, respectively. Argentine canola cv. Arrow was
seeded with Flexicoil 5000 Air seeder. Seed rate of 9.5 kg ha* was used to get an acceptable stand of
bothfall and spring seeded crops. The basefertilizer ratewas84 kg N ha , 22 kg P ha and 22 kg Sha'?
with 78 kg N and al S broadcast in spring. Plots were kept weed free with Round up.

The microclimate measurements were restricted to thelate spring seeded plots of tall, short stubble
(spring) and cultivated (spring) plots in the firg replication. The microclimate observations included soil
temperature 5cm below soil surface, air temperature and wind velocity 15cm above surface, solar radiation
above canopy and solar radiation reaching soil surface (gpproximately 7cm above ground). Temperatures
were measured with 3 to 4 thermocouples or thermistors spread out in the large plot. Wind velocity and
solar radiation readings were made at only one place. Soil moisture was measured gravimetricaly before
seading and after harvest. Plant dry matter accumulation at harvest was assessed by taking two 1 n?
samples from opposite sdes of the plot. Combine yields from middle sweth in each plot (5.5m X 18m)
were used for seed yield estimation.

Results and Discussion

The results are for the first year of this 3 year project and, therefore should be considered
preiminary.

Microclimate

Seasonal and diurnd trendsin soil temperature, wind velocity and solar radiation are presented in
Fig. 1 and 2. Less solar radiation reached soil surface in the tall stubble compared to the cultivated plots.
The difference waslessin the beginning of the season, increased during vegetative growth period, and then
decreased with canopy closure. Comparing the solar radiation reaching the ground with incoming solar
radiation indicates that early in the season most of the radiation was reaching soil surface in the cultivated
plots, while a smdl portion of it was intercepted by the tall stubble. Smilar observations were made by



Aaseand Siddoway (1980) and Cutforth and McConkey (1997). Asthe season advanced both cultivated
and tall stubble trestments intercepted more radiation. However, the difference widened with season. The
plant growth in tall stubble is reported to be faster than fallow, which broadened differences in radiation
interception during vegetative growth (Aase and Siddoway, 1980; Cutforth and McConkey, 1997). The
tall stubble reduced wind speed effectively than cultivated plot (Fig. 1 and 2). However, the differences
narrowed with crop growth and development. Diurna trends in weather parameterswere observed early
in the season. For example, the differencesin radiation interception and wind velocity were higher during
the middle of the day, when they would have maximum effect on evaporation.

The microclimate effect was reflected in soil temperature close to the surface. For example, soil
temperature 5cm below the soil surface was dways lower in the tall subble than the cultivated treatment,
but the difference was very small (0.18-1.51 oC) and was mostly observed on warmer days (Fig. 1). The
diurna trend observed earlier in the season indicated wider differences during the middle of the day, which
indicates greater soil warming in the cultivated soil compared to the standing stubble. The results indicate
that stubble management influence on microclimate is more pronounced in the beginning of the season.

Effect on Crop Growth and Yield

Ingenerd crop establishment with fall seeding was better in standing stubble than in cultivated plot.
Tdl stubble plots, pooled over seeding dates, increased seed yield Sgnificantly over cultivated plots by 29
per cent (Table 1). Extrafertilizer did not increase seed yield sgnificantly. Although mean yidd differences
betweentall and short stubblewere about 16 %, subble height did not influenceyidd Sgnificantly. Smilarly
yidd differences between short fal and short spring, which indicate the difference due to snow trapping,
was about 8 % and were not sgnificantly different. Thus both improved microclimate and the improved
moisture conservation were cumulatively responsible for the higher yield potentid of tall stubble compared
to cultivated trestment. The advantage of tall stubble decreased with delayed seeding. Fall seeding seems
to take full advantage of tall stubble.

Table 1. Canolayidld (kg haY)in response to stubble management under three seeding dates.

Trestments Seeding Dates

Late Fal Early Spring Late Spring Mean
Tdl 2741 2177 1877 2265a
Tdl+Fert* 2677 2452 1950 2360a
Short Fl 2195 1795 1760 1917ab
Short Spring 2400 1948 1840 2063a
Cultivated Spring 1812 1696 1754b
Cultivated Fall 1835 1713 1833 1794b

Mean 2370a 1983b 1826b




* Tdl+Fert: Tdl stubble with additiona 34 kg N ha™.

Biomass production and water use were not significantly influenced by stubble treatments.
However, tal stubble was producing about 1.7 kg ha more seed yield per millimeter of water used. The
tal stubble treetment provided better microclimate for canola by sheltering them from wind and radiation.
The tall stubble aso reduces evaporation from total evapotranspiration (Cutforth and McConkey, 1997).
Thus direct effect on the crop and reducing fraction of evaporation from total water use in tall stubble
compared to cultivated might have contributed for the increase in water use efficiency.

Table 2. Effect of subble management on biomass production, water use and water use efficiency.

Treatments Biomass Water Use WUE
Tdl 6671a 356a 6.4ab
Tdl+Fert* 7226a 339 7.0a
Short Fall 6772a 33% 5.7bc
Short Spring 6814a 358a 5.8bc
Cultivated Spring 6007a 354a 5.0c
Cultivated Fdl 6459a 365a 4.9c
Summary

Theoneyear field study conducted with field sca e equipmentsreved sthat thetal stubblemodified
the microclimate within the canolacanopy, resulting inincreased water use efficiency and seed yield. Better
microclimate and higher snow trapping contributed for theincreasein seed yield. Totd biomassproduction
and water use did not accompany seed yield. Water use efficiency increased mainly dueto theincreasein
seed yield. However, seeding dates seem to interact with stubble management. Reasons for better yield
in tall stubble need to be ducidated, especidly from a soil moisture and temperature stress perspective.
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Fg. 1. Seasona trendsin soil temperature a 5cm depth, wind vel ocity at 15cm

from the surface and solar radiation a 7cm from surface at Swift
Current in 1999.
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Fig.2. Diurna trends in soil temperature at 5cm depth, wind velocity at 15cm from the surface and solar

radiation at 7cm from the surface at Swift Current in 1999.
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