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INTRODUCTION

The momentum towards adopting a direct-seeding system as the preferred conservation-
production system in Saskatchewan means that a thorough understanding of the implications for
crop growth is required. Keeping stubble standing and crop residues on the soil surface impacts
directly soil temperature which in turn has a large influence on germination, emergence, plant
growth and development, nutrient uptake, nutrient cycling and microbial activity (Wierenga et
al. 1992).

Most of the work related to soil temperature and conservation tillage has been focused on the seed
zone and its effects on crop establishment (Gauer et al.,1982; Wall and Stoble, 1984; Carter and
Rennie, 1985; Lafond et al.,1992). These studies have found that that the potential for low surface
soil temperature with zero-till exists, but it doesn’t have to be a limiting factor providing that good
residue management, shallow seeding, good seed to soil contact and a narrow strip of soil is free
of crop residues on top of the seeded row. In fact Wall and Stobbe (1984) have shown that low
surface soil temperatures can be used to our advantage because temperatures between seeded rows
were cooler than temperatures in the row. This would provide a competitive advantage for the crop
over the weeds.

The presence of crop residues on the soil surface can act as an insulator and reduce the amount of
solar radiation striking the soil surface because of the greater reflectivity of residues. Work by
Potter et al. (1985) has shown that thermal diffusivity was greater in a no-till then in a
conventional tillage system. Thermal diffusivity (TD) is calculated from the ratio of thermal
conductivity (TD) to volumetric heat capacity (VHC) i.e. TD+TC/VHC. Since the VHC was
similar between tillage systems implies that in order for TD to be greater for no-till than
conventional tillage, TC has to be greater which is what they found. TC was 20% greater for no-
till. Therefore, keeping residues at the soil surface doesn’t necessarily imply a negative effect on
soil thermal properties.

Very few attempts have been made to characterize soil temperature profiles in the rooting zone on
the Canadian prairies. Wilkinson (1967) postulated that wheat roots followed a 12OC  isotherm into
the soil as a function of calendar days. His results have shown that the soil temperature profiles in
the rooting zone can be relatively cool during the growing season. More recently, Kasper and
Bland (1992) reported that soil temperature may be the most important factor affecting the extent
and depth of rooting in temperate regions.

The objectives of this paper are to provide some answers to the following questions:

(1) What are the observed soil temperatures in the rooting zone during the growing
season?

(2) Are the rooting zone soil temperature affected by tillage systems?

(3) What are the effects of temperatures on root elongation and branching?
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(4) What are the implications of these findings?

(5) What are some of the research needs, given the information presented?

MATERIALS AND METHODS

The soil temperature measurements reported were made using an electronic recorder linked to
thermistors. The recorder was from Campbell Scientific (Model CR21). The thermistors were
installed in the soil at 5, 40, 80 and 120 cm under a zero-till plot in a tillage by crop rotations
experiment in May 1987. The field study in question was started in May of 1986 and details can
be found in the paper by Lafond et al. (1992).

Readings were taken every 10 seconds and average, maximum, and minimum temperatures on a
daily basis were recorded. In 199 1, an additional recorder was installed on a conventional tillage
plot using the same crop rotation and phase as the one on the zero-till plot. The thermistors were
not replicated due to a lack of ports and recorders for either of the tillage systems.

DISCUSSION

(1) What are the soil temperatures in the rooting zone during the growing season?

In order to describe the observed soil temperatures in the rooting zone, data was compiled for the
40, 80 and 120 cm soil layer zero-tillage. The average daily temperature for the period 1987-1994
(April-August) as well as the maximum and minimum temperature recorded for each day are
presented.

Figure 1 shows the soil temperature at 40 cm. For the period from May 1 to July 1, the average
daily soil temperature varies from 3 to 13OC. The highest average daily temperature was obtained
near the end of July and the beginning of August. The other observation is the range in
temperatures on any given day. At this soil depth, the temperatures can vary on the order of 5 to
8OC  depending on the year.

Figure 1. The average daily soil temperatures recorded for the 40 cm soil layer for the period
from April 1 to August 3 1 from 1987 to 1994 in zero-tillage.

{ --- Figure at end of paper --- }

At the 80 cm soil layer the average daily temperature for the period from May 1 to July 1 ranged
from 1.5 to 1 l°C (Figure 2). The difference between maximum and minimum daily temperatures
was on the order of 3 to 7OC depending on the time of year. The differences were least at the
beginning of May and largest during July.

Figure 2. The average daily soil temperatures recorded for the period from April 1 to August
31 at the 80 cm soil layer from 1987 to 1994 in zero-tillage.

{ --- Figure at end of paper --- }
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The temperatures encountered for the period from May to July 1 at 120 cm ranged from 0 to 8OC.
The highest soil temperatures attained were in mid-August time (Figure 3).

Figure 3. The average daily soil temperatures recorded for the period from April 1 to August
31 at the 120 cm soil layer from 1987 to 1994 in zero-tillage.

{ --- Figure at end of paper --- }

Based on the results presented in Figures 1 to 3, it is obvious that we are dealing with cool soil
temperatures and that these low temperatures have large implications in terms of soil exploration by
the root system. Therefore it is important that related studies be undertaken because of the issues
relating to efficicient use of resources, ground water quality and sustainable agriculture.

(2) Are the rooting zone soil temperature affected by tillage systems?

Another important aspect is the impact of tillage system on soil temperature, especially because of
the presence of crop residues on the soil surface under zero-tillage.

The period from April 1 to mid-May had temperatures that were slightly higher for conventional
tillage than zero tillage while the opposite was observed for the remainder of the growing season at
40 cm in depth (Figure 4). The differences were on the order of 1°C. Similar results occurred at
the 80 cm soil layer (Figure 5).

Figure 4. The effects of tillage systems on average daily soil temperatures in the 40 cm soil
layer for the period April 1 to August 3 1 from 1991 to 1994.

Figure 5. The effects of tillage system on average daily soil temperatures in the 120 cm soil
layer for the period 1991 to 1994.

{ --- Figure at end of paper --- }

The temperatures tended to be slightly lower under zero-till in the earlier part of the growing
season but were similar for the remainder of the growing season at 120 cm in depth (Figure 6).

Based on the results presented in Figures 4 to 6, it would appear that the soil temperature profiles
are essentially the same between tillage systems. It is not known whether the small differences
observed are due to variations in instruments or if they are real. If they are real, are those small
differences important from the perspective of plant growth. Potter et a l . (  1985) also found that soil
thermal properties are not affected by tillage systems.

(3)What are the effects of soil teniperature on root growth and development?

Roots expand as a function of two temperature-dependent processes, growth and development
(Rasper and Bland, 1992). Growth involves cell elongation which in turn increases root length
and diameter. Development, on the other hand, controls duration of growth and the initiation of
new roots. Therefore, temperature will affect the growth of the root system through its effect on
elongation, initiation of root buds, branching, orientation and direction of growth and root
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turnover. In a natural situation, the root system will be greatly influenced by the seasonal patterns
of soil temperature, both temporally and spacially.

Figure 6. The effects tillage system on average daily soil temperature in the 80 cm soil layer
from 1991 to 1994.

{ --- Figure at end of paper --- }

Brown and Scott (1984) have developed the concept of a functional relationship between shoots
and roots. In essence, what this relationship says is that “a significant change in the rate of root
growth and likewise changes in the rate of root growth result in an effect on the shoot portion of
the plant.” Because of this functional equilibrium, a significant stress in either the canopy or the
root system induces responses throughout the plant. Some of these stresses are high air
temperatures, excessive evaporative demand, poor soil aeration, soil strength, low soil
temperatures and low soil moisture contents.

On the prairies, the main stresses encountered by shoots would be excessive temperature and
evaporative demands and infrequently frost. In the case of roots, they would consist of inadequate
mineral nutrients, inadequate moisture, poor soil structure and texture, and decreasing soil
temperatures at the lower depths. Under field conditions, based on the soil temperature results
presented earlier (Figures 1-3), the shoots and roots are being subjected to very contrasting
temperature regimes. The cool soil temperatures in the profile will slow down root growth, but the
higher above ground temperatures will accelerate plant growth relative to root growth which in
essence means that it becomes very difficult for crops to exploit all available water in the soil to
meet the ever increasing demand of the above ground plant parts.

The extent of the influence of soil temperature on root growth and development can be approached
by referring to the WHTROOT Model developed by Porter et al.( 1986). The approach describes
the appearance and growth of root axes as a function of cumulative thermal time with the
description of the expansion and branching of individual classes of seminal and crown root axes.
The depth of root penetration and the extent of root length density or branching can be estimated.
Table 1 describes the effects of temperature on the rate of elongation of the main axes, first order
and second order laterals under non-limiting conditions in terms of nutrients, water, soil
compaction and lack of plant diseases. Table 2 describes what the average monthly temperatures
are for various soil depths. These values summarize the data presented in Figures 1 to 3.

Table 1. The effects of soil temperature on root elongation (cm/day).

Temperature’C Main Axis1 First-order Laterals2 Second-rder Laterals3

4 0.7 0.2 0.04

8 1.4 0.3 0.08

12 2.2 0.5 0.12

16 2.9 0.6 0.16
lElongation  rate: 0.18 cm per soil degree day.
2Elongation  rate: 0.04 cm per soil degree day.
?Zlongation  rate: 0.01 cm per soil degree day.
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Table 2. Average monthly temperatures for air and soil at the 5, 40, 80 and 120
cm soil layer.

I 120 cm 3.1 7.6 I 10.6 12.1

According to Porter et al.(1986), it takes 250 SDD (soil degree day) from root production to
branching. This is equivalent to 2.5 phyllochrons or 2.5 leaves on the main stem. Consequently,
the most important aspect may not necessarily be the absolute lenght attained by the main axes but
the time required for branching to be initiated and the slow rate of elongation of these laterals as a
function of soil temperature. In the end, it is branching that contributes to root length density. This
would explain why most of the water extracted from the soil tends to be in the upper layers of the
soil profile (Entz et al. , 1992). It should be noted that roots are very plastic and the time from root
production to branching required can range from 150 to 350 SDD. Factors such as soil compaction
and nutrients can also influence this value.

The ramifications of these results for crop production are straight forward. The soil temperature
experienced under field conditions will always be restricting root elongation such that much of the
available soil moisture and nutrients in the lower soil profile never gets fully utilized. Crops will
tend to root shallower than what is currently thought.

Some considerations:

(1) The water and nutrients present in the rooting zone are not all available for the crop
due to the inability of the rooting system to fully exploit the whole profile.

(2) Crops with different rooting patterns should be rotated in order to make use of all
resources in the root zone and decrease the potential for nitrate leaching.

(3) Roots need to be protected against fertilizer damage and plant diseases.

(4) The top 60 cm soil layer should be annually recharged with water and nutrients.

(5) Cropping strategies need to be developedthat minimize water losses through
evaporation and run-off especially during heavy rainfall events.

(6) Optimum plant populations need to be maintained to make full use of water and
nutrient resources through a more extensive root system.
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(4) What are the implications of these observations?

The fact that root elongation is slowed down, but more importantly that root branching is greatly
affected by low soil temepratures means that a large proportion of the rooting zone is not explored
for water and nutrients. The upper layers of the rooting profile will be explored extensively
meaning that replenishing these layers with water and nutrients is critical for crop growth.

The range of temperatures encountered by roots during the growing season has to be taken into
consideration when doing soil and plant research under controlled environment or greenhouse
conditions. The use of higher than normal temperatures could influence our understanding of the
dynamics of nutrient uptake under field conditions.

The dearth of root exploration in the lower layers of the rooting zone may explain nitrate leaching
under various cropping systems and the potential for its widespread occurrence (Campbell et
al.,1994).

It points out the need to re-evaluate our management of fertilizer nitrogen and the importance of
including deep rooted crops (annual or perennial) in the rotation to scavenge water and nitrates in
the lower reaches of the rooting zone.

(5) What are some of the research needs, given the information presented?

(1) To establish how temperature in the rooting zone is affected by geographical
location and soil type across various agro-ecological zones.

(2) To determine the effects of soil temperature on root elongation for all the major
crops grown on the prairies (spring wheat, durum, oats, barley, sunflowers, flax,
canola, lentils, field peas) using the concept of soil degree day to predict the rate of
elongation. This would provide clues to the development of appropriate crop rotations
from the stand point of water and nutrient use.

(3) To determine the effects of soil temperature on root development i.e. root bud
differentiation, production of first order and second order laterals.

(4) To determine if genetic variability exists within crops for growth at low
temperatures.

(5) To determine the influence of shoot temperatures on root growth and development.

(6) To establish if roots follow the downward progression of a temperature isotherm
and if this isotherm is crop specific.

(7) To develop models to predict soil temperature in the rooting zone using air
temperature as the input variable.

(8) To determine root elongation and development as a function of temperature for
some of the more important weed species.
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Figure 1. The average daily soil temperatures recorded for the 40
cm soil layer for the period from April 1 to August 31 from 1987
to 1994 in zero-tillage.
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Figure 2. The average daily soil temperature recorded for the
period from April 1 to August 31 at the 80 cm soil level from 1987
to 1994 in zero-tillage.
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     Figure 3. T h e  average daily soil temperature recorded for the

period from April 1 to August 31 at the 120 cm soil layer from 1987
to 1994 in zero-tillage.
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Figure 4. The effects 0% tillage systems on average daily soil
temperatures in the 40 cm soil layer for the period April 1 to
August 31 from 1991 to 1994.
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Figure 5 .  The effects o f  tillage system on average daily soil
temperature in the 120 cm soil layer for the period 1991-1994.
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Figure 6. The effects of tillage system on average daily soil
temperature in the 80 cm soil layer from 1991 to 1994.
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