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Abstract

Some examples of soil water content measurements using Time Domain Reflectrometry (TDR)
and the neutron probe are presented in this paper. The data are from experiments on water recharge and
water conservation in the soil profile under different tillage methods. TDR is a useful technique with
which to follow changes of soil water content in the top soil layers. Under sunflower, measurements
showed differences in soil water content within and between the plant rows. Measurements with the
neutron probe showed changes of soil water content profile down to a depth of 2 m. Soil water profile
recharge and water depletion by the sunflower crop were established from measurements with both
techniques. The combined use of TDR and neutron probe is very appropriate to establish the soil water
balance in such experiments.

1. INTRODUCTION

Increasing interest in the conservation of soil and water resources under rainfed conditions over
the last two or three decades has prompted increased research on effects of different tillage systems on
soil properties and crop development and yield. This interest in the conservation of soil and water has
favoured the development of conservation tillage practices. Conservation tillage is a term covering a
range of approaches that have, as a common characteristic, the potential to reduce soil and water loss
compared with conventional tillage [1].

Effects of conservation tillage on crop yields have been extensively studied under various
conditions of soil and climate. In contrast, there is limited information about its effects on soil physical
properties [2] and water storage in the soil. This, together with the increase of process modelling of water
balance in tillage experiments, has imposed a demand of accurate measurements of soil physical
properties, particularly soil water content. The dependence of conservation tillage on the soil and
climatic conditions [3] makes necessary the study of its effects on soil physical properties, water storage
and depletion, and crops, for different areas of the world.

In semi-arid conditions, such as southern Spain, water availability is the most important limiting
factor in rainfed agriculture. In soils of the Andalusian Plain, climatological conditions, characterized by
the concentration of rainfall in the autumn-winter period, lead to replenishment of water storage capacity
at the end of the winter. Subsequent shortage of precipitation and very high temperatures are responsible
for the water depletion observed at the end of summer. Recently, Moreno et al. [4] showed in detail the
effects of tillage methods on storage and conservation of water in the soil in southern Spain.

The objective of this paper is to present some examples of the change of soil water content
under traditional and conservation-tillage management, determined using TDR and neutron probe.

2. MATERIAL AND METHODS

Field experiments were carried out on a sandy clay loam soil (Xerofluvent) at the experimental
farm of the Institute de Recursos Naturales y Agrobiologia de Sevilla (ERNAS-CSIC) located 13 km
southwest of the city of Seville. An area of about 2,500 m2 was selected to establish the experimental
plots. The area was divided into six plots each of approximately 300 m2 (22 x 14 m). Two treatments
were applied: traditional tillage (TT) used in the area for rainfed agriculture and conservation tillage
(CT). Traditional tillage consisted mainly of mouldboard ploughing after burning the straw of the
previous crop, and several passes with a cultivator and disc harrow. The conservation tillage was
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characterized by not using mouldboard ploughing, chiseling once per year, by reduction of the number of
tillage operations and leaving the crop residues on the surface as mulch. In both tillage treatments a
wheat/sunflower (Triticum aestivum, L. / Helianthus annuus, L) rotation was established. More details
can be found in a previous paper [4]. Three replications per treatment were used, distributed in random
blocks.

Changes in soil moisture content due to water infiltration during the rainy period, and water
depletion by crops, were monitored using a neutron probe and TDR. The neutron probe was a Troxler
3333. Two access tubes for the probe were installed in each individual plot of each treatment, to a depth
of 2.3 m. Measurements were carried out at 0.1-m intervals, every 6-10 days during the crop seasons,
and at variable intervals during the period when the soil was bare. Changes of water content in the
surface layer (0-15 cm) were monitored by TDR with a Tektronix Model 1502C. The TDR waveguides
comprised three parallel stainless rods, 2 mm in diameter and 0.15 m long. A portable computer was
used to record and analyse the TDR wave-forms using an analysis similar to that of Baker and Allmaras
[5]. The results shown in this paper correspond to the experimental period between 1995 and 1997.

3. RESULTS AND DISCUSSION

3.1. Soil water content and its depletion

Soil water content in the top soil layer (0-15 cm) was monitored with TDR in both tillage
treatments (TT and CT) during the sunflower seasons of 1995 and 1997. The results for 1995 [4] are
shown in Fig. 1. In that year, rainfall was much lower (245 mm) than the average (500 mm). From the
beginning of the cropping season, the soil water content was significantly higher with CT than with TT.
For the TT treatment, no differences in the soil water content were observed between the plant row and
the central positions between rows. In contrast, for the CT treatment a different soil water content was
observed between the two positions of measurement. This difference was maintained throughout the
season, being maximum at 50 days after sowing. This can be due to both higher evaporation from the
soil surface due to alteration during sowing, and higher water uptake by roots in the plant row position
than in the centre between rows. During the sunflower season in 1997 the changes of soil water content
(plant row position) in the top layer (0-15 cm) showed a similar pattern to that of 1995 (Fig. 2). These
results clearly show that the CT treatment improved the storage and conservation of water in the surface
layer of soil.

Figure 3 shows the changes of soil water content in the surface layer (0-15 cm) of the two
tillage treatments during the wheat crop (1995-96). Due to the heavy rainfall from the beginning of
November 1995 to the end of January 1996 (over 500 mm), the soil water content was not significantly
different between treatments from the sowing date (27-11-95) to the end of March 1996 (123 days).
From this date to harvesting, the soil water content was significantly higher in the CT than in the TT
treatment.

The changes of water profile down to 2.3 m depth during the sunflower season in 1995 reported
by Moreno et al. [4] are compared with the results obtained in 1997 (Fig. 4). In 1995 the water storage
replenishment of the soil in the TT treatment took place down to 1 m depth only (Fig. 4a). In contrast,
replenishment of the soil water profile in the CT treatment was observed down to 1.4 m (Fig. 4b). A few
days before sowing (16-2-95), the water content of the soil layer 0-1.4 m was higher in the CT than in
the TT treatment. It seems that the water recharge of the profile during the autumn and early in the
winter (bare soil period) was more effective in the CT than in the TT treatment. These results showed
that, under a situation with much lower rainfall than the average during autumn and winter, the CT
treatment was able to recharge the profile much better than TT. The presence of residues of the
preceding crop in the soil surface in the CT treatment seems to have been highly effective in enhancing
water infiltration and water conservation under dry weather conditions, as has been reported by Unger et
al. [6] among others.
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FIG. 1. Change of the soil water content in the soil layer 0-15 cm depth in traditional tillage (TT) and
conservation tillage (CT) treatments during the sunflower crop season in 1995 (from Moreno et al. [4]).
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FIG. 2. Change of the soil water content in the soil layer 0-15 cm depth in traditional (TT) and
conservation tillage (CT) treatments during the sunflower crop season in 1997.

During 1995, the sunflower depleted water down to 1 m and 1.6 m in the TT and CT treatments,
respectively. In contrast, during 1997, a year with much higher rainfall than the average (the total amount
of rainfall in the hydrological year September 1996-August 1997 was 718 mm), the water storage
replenishment of the soil, some days before sowing the sunflower, was practically the same in the two
tillage treatments (Fig. 4c, d). The water uptake by the crop during the growing period was also similar
in the traditional tillage and the conservation tillage.
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3.2. Crop yield

The yields of sunflower and wheat crops in the two tillage treatments are shown in Table I. The
seed yield of sunflower in 1995 was significantly, and much, higher in the CT than in the TT treatment.
This was due to the higher water storage in the former in a year with much lower than average
precipitation. In contrast, the seed yield of sunflower in 1997, a year with much higher than average
precipitation, was practically the same in the two tillage treatments.

The wheat crop grown in 1995-96 showed higher grain yield in the TT than in the CT treatment
but the difference was not significant.

4. CONCLUSIONS

From the results of our experiments we conclude that TDR is a practical tool to monitor changes
of soil water content in the top soil layers. At the same time, is a method that allows a high number of
replications in space and time.

In our experiments, the use of the neutron probe to follow the changes of soil water profile was
successful.

The conservation tillage applied was highly effective in enhancing soil water recharge and water
conservation, particularly in years with much lower than average precipitation.
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FIG. 3. Change of the soil water content in the soil layer 0-15 cm depth in traditional tillage (TT) and
conservation tillage (CT) treatments during the wheat crop season in 1995-96.
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FIG. 4. Change of the water profile in traditional tillage (FT) and conservation tillage (CT) treatments:
(a) and (b) during the sunflower crop season in 1995 (from Moreno et al. [4]); (c) and (d) during the
sunflower crop season in 1997.

TABLE I. YIELD OF SUNFLOWER AND WHEAT CROPS UNDER TWO TILLAGE
TREATMENTS

Tillage treatment
Sunflower

1995 1997

(kg ha"1)

Wheat
1995-96

Traditional (TT)

Conservation (CT)

473aa

1,521b

3,467a

3,447a

6,265a

5,602a

"Values per columns followed by the same letter are not significantly different (PO.05).
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