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Abstract

This communication briefly describes the integration of electronic soil water monitoring
technology into the weather data based MyCanesim modelling system and its implementation
on 13 sugarcane fields in Malelane, Komatipoort and Mtubatuba.

Near real-time soil water data from capacitance sensors were converted to available soil
water content (ASWC), and irrigation data were inferred from field recorded soil water and
rainfall data. These data were incorporated programmatically into the MyCanesim database
and used in subsequent simulations of the soil water balance and crop growth. Daily values of
ASWC, crop water status, canopy cover and yield are provided via the web in tabular and
graphical form. This information was used to assess irrigation practices and identify potential
agronomic limitations.

The system was demonstrated to commercial and small-scale farmers and extension officers
during a series of workshops. It is believed that integration of the two technologies enhances
the value of information used to support irrigation management.
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Introduction

Various technologies exist to support precision irrigation scheduling. Weather-based crop
models are good at estimating evapotranspiration and future irrigation needs over large areas
(Annandale et al., 2005; Singels and Smith, 2006; Thysen, 2006), while electronic soil water
sensors could provide useful estimates of soil water status at a given point (Leib et al., 2003).
The objective of the study was to incorporate near real-time field recordings of soil water
content, rainfall and irrigation into the MyCanesim sugarcane simulation system (Singels,
2007) and to evaluate its use for supporting irrigation scheduling on 11 fields in Mpumalanga
province and two fields on the Umfolozi flood plain in KwaZulu-Natal.
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System development

The web-based MyCanesim system uses basic field data and near real-time weather data to
calculate daily soil water and crop status (canopy cover, water status and yield) and advise on
irrigation requirements (see Singels (2007) for full description). This study incorporated near
real-time soil water status data into the system to enhance simulations and advice.

Soil water data from capacitance sensors (soil water index, SWI in %) were converted to
available soil water content (ASWC in mm), assuming a linear relationship. Two field
specific calibration factors were used: (i) the SWI at field capacity (FCsw; in %), and (ii) a
conversion ratio (CR in mm/%, defined as the change in ASWC per unit change in SWI):

ASWC = TAM — (FCswi — SWI).CR Eq. 1
where TAM is the ASWC of the root zone at field capacity (mm).

Values for FCsw, were determined visually from SWI data following wetting events that
caused significant drainage. Values for CR were determined by comparing recorded SWI
extraction rates for dry periods with corresponding simulated extraction rates. Values for
these parameters varied markedly between fields (data not shown), highlighting the need for
field specific calibration.

Accurate irrigation data is necessary for accurate simulation of the soil water balance (when
measured soil water status is not used to correct simulations) and subsequent simulations of
crop growth and vyield. It is also useful for evaluating and understanding irrigation water
management and its efficiency of use. Irrigation records were only available for fields in
Umfolozi (Mtubatuba). For all other fields, data was inferred from soil water and weather
data records.

Irrigation events were identified by interrogating SWI data for significant increases
(threshold depends on design irrigation amount) over the design irrigation stand time.
Irrigation amounts (IRR) were inferred using a water balance approach:

IRR = AASWC +ET -R Eq. 2
where AASWC is the measured daily change in ASWC (mm), ET is simulated daily
evapotranspiration (mm) and R is daily rainfall (mm) measured in the field or at a nearby
automatic weather stations. Drainage was not taken into account.

Field recorded ASWC and derived irrigation data were incorporated programmatically into
the MyCanesim database on a daily basis and used in subsequent simulations of the soil water

balance and crop growth. Daily values of ASWC, rainfall and irrigation, crop water status,
canopy cover, yield and sucrose are provided via the web in tables and graphs (Figure 1).

System application and evaluation

The integrated MyCanesim system was implemented on 11 fields in the Onderberg region of
Mpumalanga and on two fields in the Umfolozi flood plain (Table 1).
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Estimations of average irrigation amounts, based on daily differences in ASWC, were much
more (on average by about 100%) than the design amount for drip irrigated fields (Table 1).
This is probably due to the soil water sensors being installed underneath dripper lines and
very close to emitters. Irrigation amounts were slightly underestimated for fields with
overhead irrigation systems, possibly due to canopy interception of irrigation. Based on these
findings, it was decided to use design irrigation amounts (instead of inferred amounts) as
simulation inputs for drip irrigated fields, and median inferred amounts for overhead irrigated
fields.
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Figure 1. Daily values of rainfall, irrigation, simulated available soil water content (ASWC, mm)
and measured ASWC (ASWC probe) for field 17. Simulations are corrected with measured
ASWC data, except where large rainfall or irrigation events occurred. Also shown are available
soil water capacity (TAM, mm), the allowable depletion level which triggers irrigation (ADL,
mm) and the stress point (Stress level, mm). ASWC values below the stress level are a clear
indication of insufficient irrigation.

Irrigation practices and agronomic conditions were assessed by comparing simulated yield
using optimal irrigation (Yp), yields from ASWC corrected simulations (Yswc) and actual
yields (Yobs) (Table 1). Where Yqps was below 80% of Yy, this was taken as an indication
that one or more yield limiting factor had an impact. This applied to fields 8C, 17, 3B, 7 and
14.

Where Yquc Was less than 90% of Yy, this was taken as an indication of insufficient
irrigation and preventable drought stress. This was the case for fields 8C (excessive drying-
off identified) and 17 (irrigation system did not operate for long periods). Both fields also
experienced extended periods of drought stress (Table 1). Field G7 seemingly also
experienced some water deficit as reflected by the number of drought stress days shown in
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Table 1, presumably due to small application amounts. This was not reflected in the ratio of
Yswc to Yopt because of limited SWI data (Table 1).

In cases where Y o, Was less than 85% of Y, this was taken as an indication of the presence
of yield limiting factors other than insufficient irrigation, such as poor crop stand, weed
competition, nutrient deficiency or pest and disease damage. This seemed to be the case for
fields 8C, 3B, 7, 1 and 14. Waterlogging may have been a problem on fields G1, 7 and 81, as
indicated by high numbers of waterlogged days.

The integrated MyCanesim system was demonstrated to commercial and small-scale farmers
and extension specialists during a series of workshops held in Malelane, Komatipoort and
Mtubatuba. The system is useful for identifying over and under-irrigation, for understanding
the impacts of irrigation practices on crop growth and yield, and for predicting the next
irrigation date.

Conclusions

The study showed that the the integration of soil water monitoring and weather-based crop
simulation technologies in the MyCanesim system enhanced the value of information for
supporting irrigation water management for sugarcane production. This facilitates the review
of past irrigation practices and informs irrigation scheduling decisions for the current season.
Farmers and extension specialists are better able to understand the impact of irrigation
practices on the soil water regime and its impact on crop growth and yield.
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Table 1. Farm code and field names, closest weather station, crop start and harvest dates, the amount of available water in the root zone
at field capacity (TAM), irrigation system (SD is surface drip, OH is overhead), the design and average inferred irrigation amounts,
simulated yield using optimal irrigation (Yop), observed yields (Yons) and yields using ASWC corrected simulations (Ysuc), expressed as
percentages of the Yo, the number of drought stress days (ASWC<40%TAM, excluding the last 30 days), the number of waterlogged
stress days (ASWC>110%TAM) and the percentage of days in the growing season for which soil water status data was available (SWI

data).
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A 8A | Coopersdal 31Jul 2011 29 Jun 2012 102 SD 7.3 16.2 116 83 94 89 16 59
A 8C | Coopersdal 31Jul 2011 28 Jun 2012 96 SD 7.3 | 16.0 116 71 86 82 87 69
B 17 Kaalrug 08 Sep 2011 | 25 Aug 2012 61 OH 24.0 19.9 89 78 63 124 183 12 73
C Gl | Amanxala 11 Jun 2011 | 11 Jun 2012 93 SD 7.0 9.8 125 86 96 89 0 38 58
C G4 | Amanxala 24 Jun 2011 | 11 Jun 2012 94 SD 7.0 8.0 121 103 98 105 0 23 25
C G7 | Amanxala 08 Aug 2011 | 04 Jul 2012 78 OH 12.0 6.9 113 92 97 95 89 8 33
D 3B | Amanxala 12 May 2011 | 20 Jun 2012 54 SD 6.1 17.8 135 59 93 64 12 11 55
D 7 Amanxala 01 Jul 2011 08 Jun 2012 95 OH 48.0 | 33.3 115 67 93 71 24 46 63
E 12 Lows Creek | 21 Jul 2011 27 Jul 2012 96 SD 7.6 185 101 101 97 104 9 5 61
F 72 Komatipoort | 12 Sep 2011 | 23 Oct 2012 89 OH 15.0 15.7 154 92 99 93 5 24 83
F 81 Komatipoort | 22 May 2011 | 26 May 2012 90 SD 6.0 | 17.0 130 86 93 92 0 69 88
G 1 Mtubatuba 09 Jul 2011 21 May 2012 181 OH 48.0 NA 97 84 99 84 0 4 63
G 14 Mtubatuba 300ct 2011 | 23 Aug 2012 174 OH 24.0 NA 90 74 92 81 5 4 86

NA — not applicable
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