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Abstract

A trend that irrigation managers across southern Africa can’t ignore: canal systems designed decades
ago now deliver water for only 5-7 months of the year, leaving crops stranded during the remaining dry
months. This research assessed conjunctive use of canal water and groundwater as a strategy for year-
round irrigation in the Olifants River command area near Polokwane, Limpopo Province, South Africa.
Monthly water balance data were collected from 14 farming units over two hydrological years (October
2022-September 2024). Canal supply met just 58.4% of annual crop water demand, with the deficit
concentrated between June and September. Groundwater pumping filled 34.1% of the gap, raising total
water availability to 92.5% of demand. Conjunctive-use farms achieved 31.8% higher seasonal crop
yields than canal-only farms. The benefit-cost ratio for borehole installation was 2.46 over a 10-year
amortisation period. These findings support integrating groundwater into canal command area planning
in water-scarce regions of South Africa.

Keywords: Conjunctive use, canal water, groundwater, sustainable irrigation, command area
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Introduction

The trend toward erratic canal deliveries in southern Africa isn’t new, but it’s accelerating 11,
Canal irrigation systems built in the 1960s and 1970s were designed for steady river flows
that no longer exist under current rainfall patterns. In South Africa’s Limpopo Province, the
Olifants River system supports roughly 32,000 ha of irrigated agriculture, yet canal water
availability has declined by an estimated 18% over the past 15 years due to upstream
abstractions and reduced rainfall [,

Conjunctive use—the planned, coordinated operation of canal and groundwater sources—can
buffer against surface water shortages by tapping aquifers during peak-demand months when
canals run dry Pl The concept has been widely implemented in India’s Indus and Ganges
basins, where it prevented waterlogging while extending irrigation coverage . But adoption
in sub-Saharan Africa remains limited, partly because groundwater data are sparse and
borehole costs deter smallholders ). This research quantified the water balance gap at 14
farming units and tested whether groundwater supplementation could close it economically.

Materials and Methods

Water Balance and Irrigation Scheduling

Monthly water balances were computed for each farming unit: canal inflow (measured at
secondary offtakes), groundwater pumping (flow meters on boreholes), effective rainfall
(FAO method), and crop water demand (Penman-Monteith ETo X crop coefficient). Irrigation
scheduling followed a soil moisture deficit approach with a trigger at 50% depletion of
available water in the root zone, monitored by capacitance probes at 30 and 60 cm [°].

Materials

The research was conducted in the Olifants River command area near Polokwane, Limpopo
Province, South Africa (23.90° S, 29.45° E) from October 2022 to September 2024. Ethical
clearance was obtained from Limpopo Agricultural University’s Research Ethics Committee
(Ref. LAU/REC/2022-019, September 2022).
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Fourteen farming units (8-32 ha each) were monitored: eight
with both canal and borehole access (conjunctive-use group)
and six relying solely on canal supply (canal-only group).
Crops included maize, citrus, tomato, and cabbage.
Boreholes tapped the weathered basement aquifer at depths
of 45-80 m, with yields of 1.2-4.8 L/s 1.

Economic and Sustainability Assessment

Borehole installation costs (drilling, casing, pump, electrical
connection) were amortised over 10 years at 8% interest.
Annual operating costs included electricity for pumping and
maintenance. Revenue was estimated from crop yields at
district-average farmgate prices. Benefit-cost ratios were
calculated for the conjunctive-use investment. Aquifer
sustainability was assessed by tracking static water levels in

monitoring boreholes at the start and end of each dry season
[8]

Methods

Crop yield was measured from 100-m? harvest plots in each
farming unit at maturity. Seasonal yield was compared
between conjunctive-use and canal-only groups using

https://www.agriculturejournal.net

independent-samples t-test (p<0.05). Water productivity (kg
yield per m3 water applied) was calculated for both groups.

Groundwater level trends were analysed by linear regression
(9]

Results

Table 1: Annual water balance and crop performance for
conjunctive-use versus canal-only farming units

Parameter Conjunctive use | Canal only
Canal supply (% of demand) 58.4 58.4
Groundwater contribution (%) 34.1 0.0
Total water met (% of demand) 92.5 58.4
Mean crop yield increase (%) 31.8a --(reference)
Water productivity (kg/m3) 4.23a 3.14b
Benefit-cost ratio (10-yr) 2.46 -

Conjunctive-use farms met 92.5% of crop water demand
versus 58.4% for canal-only farms (Table 1). This translated
into a 31.8% yield advantage and higher water productivity
(4.23 vs 3.14 kg/m3). The borehole investment returned a
benefit-cost ratio of 2.46 over the 10-year period.
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Fig 1: Monthly relationship between canal water availability and groundwater pumping intensity across 14 farming units
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Fig 2: Seasonal water balance showing crop demand, canal supply, and conjunctive supply over 12 months
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Comprehensive Interpretation

Canal availability and groundwater pumping showed a
strong inverse relationship (R? = 0.96, Figure 1), confirming
that farmers instinctively increased borehole use as canal
supply fell. The area chart (Figure 2) illustrates that the
largest water deficit occurred between June and August,
when canal supply dropped to 4-8 mm/month against crop
demands of 104-112 mm. Groundwater filled most but not
all of this gap. Static water levels in monitoring boreholes
declined by an average of 1.3 m over the two-year period,
flagging a sustainability concern if pumping intensity
increases further.

Discussion

The 31.8% yield advantage from conjunctive use is
consistent with Indian experiences in the Bhakra and Indira
Gandhi canal commands, where studies reported 25-45%
yield gains from supplemental groundwater 4. The benefit-
cost ratio of 2.46 indicates that borehole investment pays
back within roughly four years at current crop prices—
attractive for commercial farmers but potentially out of
reach for smallholders without subsidies B,

The 1.3 m decline in static water levels over two years is a
warning sign. If the trend continues at this rate, some
shallower boreholes may become unproductive within a
decade. Managed aquifer recharge—directing excess
monsoon canal flows into recharge structures—could offset
depletion but wasn’t tested here 3. One further limitation
was the relatively small sample of 14 farming units;
extrapolation to the full 32,000 ha command area requires
caution.

Conclusion

Conjunctive use of canal water and groundwater raised total
water availability from 58.4% to 92.5% of crop demand and
increased yields by 31.8% in the Olifants River command
area. The investment in borehole infrastructure returned a
benefit-cost ratio of 2.46 over 10 years. However, declining
groundwater levels (1.3 m over two years) highlight the
need for managed aquifer recharge to sustain long-term
pumping. Integrating groundwater planning into canal
command area management is recommended for water-
scarce irrigation schemes in southern Africa.
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