Mulching and soil tillage influence on the thermal behaviour of a Luvisol surface layer

J. A. Andradé C.A. Alexandré, G. Basch

L2Departamento de Geociéncias, Universidade de Efpeatado 94, 7002-522 Evora, Portugal, Tel. n726300, Fax. N° 266-74539.

e-mail: zalex@uevora.pte-mail: cal@uevora.ptBDepartamento de Fitotecnia, Universidade de Evosstddo 94, 7002-522 Evora,

Portugal e-mail: gb@uevora.pt

Abstract. Important energy exchanges at soil surfaceverages 15.6°C, ranging from a monthly mean ¢®i8

regulate the thermal environment within top soylelaand
the boundary layer above it. By this reason, thaiegtion
of mulches or the modelling of micro relief by silibge are
common practises to modify the thermal regime sbi.
The aim of this study is to compare the effect loerral
behaviour of a Luvisol resulting of soil tillage darthe
application of stubble mulch and, different amowftstraw
mulch. For this purpose, experiments were perforfrad
January to May 2007 in a field sowed with wintereah
Temperatures were measured with copper-constaiyge (
T) thermocouples placed over straw and over styblbkoil
surface and at 2, 4 and 8 cm depth. Temperaturegeab
canopy were also recorded.

Daily mean temperatures and temperatumplitudes
in the top soil layer covered by straw mulch wemaler
than those verified either by stubble mulch or wéthil
tillage. Daily minimum temperatures in mobilizelbts or
covered by stubble mulch were smaller than thogéeein
plots covered by straw mulch, therefore being thenér
treatments more susceptible to frost than the latess.

January to 23.0°C in August. Mean annual rainga842.6
mm, 77% of which falls between October and Marche T
soil is a Haplic Luvisol (WRB, 2006) and its prefilvas
Ah-AB-Bt-C. The clay-loamy Ah (0-8 cm) and AB @&+
cm) horizons had a bulk density of 1.51+0.12 Mg amd
1.58+0.07 Mg 1it, respectively while the clayey Bt (24 - 53
cm) horizon had a bulk density of 1.63+0.04 Md.m

Soil temperatures were measured in four profilel wi
copper-constantan  thermocouples connected to
data-logger data Taker 600). One profile was subject to a
surface soil tillage only (modality A), another wesvered
by stubble mulch (mod B) and the remainder wereeey
by different amounts of straws mulch (mod C - 28@tha’
and mod D - 5000 Kg . Thermocouples were placed in
each profile at its surface, 2, 4 and 8 cm depthoser straw
and stubble mulches. Hourly averaged temperatuss w
recorded anyway.

Effects on soil thermal regime were evaluated by
daily mean temperatures and daily minimum tempesatat
2 cm depth as well as by thermal amplitudes at 2at@h cm

a

Thermal differences between the four plots decikasedepth and at the surface of the mulch.

significantly with wheat growth. Implications of eke
techniques of soil temperature control for cropvgtoare
also discussed.

Introduction

Results and discussion

Daily mean temperatures at 2 cm depth ranged from
about 3-4°C (end of January) to 23-28°C (middi®af),
following the annual course of net radiation ab#é surface

Crop establishment is a major factor determiningn areas of Mediterranean climates (Fig. 1). Framuéry to

crop productivity in the field which is stronglymiwolled by
soil temperature (Abreu, 1987). Important energshexiges
at soil surface regulate the thermal environmethiwitop
soil layer and the boundary layer above it (Aryaga).
Therefore both the application of mulches and tbdetling
of micro relief by soil tillage are common practise®
modify the soil thermal regime. All these practis#fect the
soil thermal regime by changes on surface net tiadiand

heat transfer by evaporation (De Vries, 1975). Thus g 2°

investigation into the influence of surface treatiseon soil
thermal regime is useful
performance on crop growth.

The aim of this study is to compare the effect on 51

thermal behaviour of a Haplic Luvisol (WRB, 2006)der
different types of soil surface management: sdiage,
stubble mulch and different amounts of straw muich.

Data and methods

to evaluate differences of

March, no significant differences were found betwedaily
mean temperatures recorded in the four plots; irl And
May, the plots covered by straw presented mean
temperatures significantly lower than those covebsd
stubble mulch or subject to surface tillage. Thesams that
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Figure 1. Daily mean temperatures recorded at 2 cm depth fro
Jan 6 to May 26: mod A —), mod B (--A---), mod C (m—)

Field experiments were performed at Herdade dand mod D {-0---).

Revilheira, Reguengos de Monsaraz (lat.: 38°28axyg!:
7°28'W), from January to May 2007, in a field sowweith

the application of straw mulch can influence mohe t
establishment of summer crops than that of winteps. In

winter wheat {riticumaestivum L.) in preceding December. April and May, the increase of mean temperaturesoih

The local climate is Csa, according to Képpen. Adeg to
climatic data recorded at the nearest station (E\about 40

profiles covered by straw (mod C and mod D) follpwih

same delay, the increase verified in the otherilpofmod A

Km away from the site) the mean annual temperature



and B), probably due to the higher water holdingacity
presented by straw mulch. Maintenance of stubblé&mu
over soil surface did not seem to benefit cropbdistament
when compared with tilled soil.

Daily minimum temperatures recorded at 2 cm dephew
lower in profiles covered by stubble or subjecttsurface
tillage than
irrespective of their densities (Fig. 2). Differescbetween
minimum temperatures recorded in modalities B (sieib
mulch) and D (straw mulch — 5000 Kghavere about 2°C,
reaching to about 4°C on some days of January gmid. A
Differences between minimum temperatures in madaliC
and D were generally lower than 0.5°C, meaning fitwest
prevention does not seem to depend on densitistraf
mulch.
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at 2 cm depth were 44+7% and 23+4% of those obdaave
the top of straw mulch layer, respectively in maiitd C
and D; on the contrary, stubble mulch damped teenthl
wave in about 21 per cent only, i.e., the amplisude2 cm
depth are 79+10% of those observed at the surfaged].
Relationship between amplitudes recorded in differe

in profiles covered by straw mulchesmodalities didn't seem to be affected by crop growt
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Figure 4. Ratio thermal amplitudes at 2 cm depth/ Thermal
amplitudes over mulch: mod B (A---), mod C {=—) and mod
D (---0---).

Conclusions

The more evident is the soil warming that reflebesannual
course of net radiation, the more evident is theling

Figure 2. Daily minimum temperatures recorded at 2 cm depthyesulting of the application of straw. The applicaif straw

mod A (+—), mod B (--A--), mod C (=—) and mod D

Damping of thermal wave down to 4 cm depth wagjgnificant influence of the amount of straw mutam daily

significantly higher with straw mulch (mod D) thavith
other modalities; in addition, the damping was lihwsest
when modality B is applied (Fig. 3). Ratioetween
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Figure 3. Temperature amplitudes at 4 cm depth recorded Jian

6 to May 26: mod A<+ —), mod B (--A---), mod C (=—) and
mod D ¢--0---).

thermal amplitudes verified at 4 cm depth in tilkegll and
those verified in profile covered by stubble MU yoqs/
AToge) Varied from 0.90 to 0.71 (0.81+0.04), while that
verified in covered profiles by strawATmedt/ ATmodd)
ranged from 1.05 to 0.72 (0.77+0.13). Thermal atagés

mulch at soil surface increases daily minimum terapees
in top soil layer by about 2°C, avoiding often gdeeurrence
of frost and consequent crop damages. In spite oof

mean and minimum temperatures, it affects sigmfiyahe
damping of thermal wave into top soil layer. To fxebe
stubble mulch at soil surface is not an efficierstqtice on
the thermal moderation in top soil layer or to Enavfrosts.
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