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» Middle Olifants (part of larger Olifants): NE of SA — spans 3 provinces. ’
= Second largest irrigation scheme in South Africa. E
= Area: 22,550 km?; rainfall ~500 mm yr'.

» Four main tributaries (Selons, Moses, Elands, and Mohlapitse

Rivers)

» Mixed land use: agriculture, mining, urban, informal settlements.

» Population ~366,000, mostly rural and dependent on ecosystem

= services.

» |mportance for water provision, food security, ecosystem health - local

communities and downstream users; economic Importance

(high-value crops for export). The location of the Middle Olifants Catchment in
South Africa
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Background to the study

= Catchment is water-stressed, and experiencing eutrophication and
declining water quality.

=  NPS pollution from irrigated agriculture (N and P) exacerbate this.

= Middle Olifants predominantly agricultural land use — ideal area to study
influence of agriculture on nutrient pollution.

CHALLENGE:
= Nutrient pollution sources (N and P) largely unquantified.
o . o . Filamentous green algae in a
= Data scarcity: infrequent water quality monitoring and water quality Loskop Irrigation Scheme canal
and sediment data scarcity. (Oberholster and Botha, 2011)

= Highly regulated with reservoirs and irrigation canals.
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Aims and objectives

* Develop calibrated and validated SWAT model for flow, NO5-N, and PO,-P.

» Quantify contribution of irrigated agriculture to non-point source nutrient loads.
» |dentify nutrient pollution critical source areas (CSAs).

» Evaluate mitigation strategies (fertiliser reduction and vegetative filter strips).
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Methodology

SWAT set-up
= ArcSWAT in ArcGIS

DEM of SA clipped to cover MO (ASTER -
Advanced Spaceborne Thermal Emission
And Re- flection Radiometer/GDEM, 2009)

50 Kilometers.
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Land cover map (2013/2014 South African
National Landcover dataset)

Soil classes land classes according to
South African Land Type Survey (above),
and Land Classes according to
International World Reference Base
International classification system (below).
(Land Type Survey Staff, 1984; Land Types
of SA, 2012; the South African Atlas of
Climatology and Agrohydrology, 2007)
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Methodology

SWAT set-up

= Divided into 63 sub-catchments.

» HRUs defined using 3 slope classes, and land use, soil, and slope thresholds.

» Observed weather data supplemented by weather generator for missing data.

= Reservoir (Loskop Dam) and two point sources (WWTWSs) incorporated.

» Agricultural management practices were incorporated.

» The SWAT model was run from 1984 — 2015 (3 year warm-up, 1987 — 2001 calibration; 2002-2015
validation).

Output was automatically calibrated in SWAT-CUP (PBIAS stat) 7

N
A
Agricultural practices for the Middle Olifants Catchment : g i
Agricultural practice _Crop % 74 DR
Zea Mays (Maize) Triticum Citrus (Orange
(Wheat) trees)
Planting November June September
Fertilsation (N) November (150 kg N June (160 kg N January (0.5479 kg
ha) ha') N ha! Logend
continuous :
application)
Fertilsation (P) November (40 kg P June (18 kg P January (0.0849 kg o
ha) ha') P ha' ="
continuous P 2 o 0 chanenns
application) Emen
Harvest February October -
Tillage (disk plow) February October
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Methodology

Mitigation Strategies Evaluated

» Fertilizer reduction: 10% and 20% reductions in N and P application rates.
» Vegetative Filter Strips (VFS): widths of 10, 20, and 30 m.
» Targeted BMP implementation in CSAs with agriculture and orchards.

» BMP effectiveness evaluated comparing nutrient reduction post-implementation.

Amended nitrogen (N) and phosphorus (P) fertilizer application rates and agricultural

practices
Crop Nitrogen reduction P reduction
Original N 10% 20% Original P 10% 20%
application reduction reduction application reduction reduction
Maize 150 kg N ha™ 135 kg N ha™ 120 kg N ha™ 40 kg P ha™ 36 kg P ha™ 32.0kg P ha™
Wheat 160 kg N ha™ 144 kg N ha™ 128 kg N ha™! 18 kg P ha™ 16.2 kg P ha™ 14.4 kg P ha™
Orchards 0.55 kg N ha' 0.49 kg N ha' 0.44 kg N ha' 0.08 kg P ha' 0.08 kg P ha' 0.07 kg P ha™
"(continuously) (continuously)  (continuously)  (continuously)  (continuously)  (continuously)
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Results and Discussion

Flow and nutrients

» Flow calibration very good (PBIAS 2.2%), validation satisfactory (PBIAS 21.8%)

= NO;-N calibration and validation very good (PBIAS 12.9%, 1.7%).

= PO,-P calibration and validation unsatisfactory (PBIAS 208%, -117%),

» Limitations: infrequent water quality monitoring and sparse water quality data; lack of sediment data
» Trends adequately captured — provide valuable insights into PO,-P dynamics.
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Observed and simulated values for calibrated and validated PO,-P load
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Results and Discussion

Nutrient Load Patterns and Critical Source Areas

= Nutrient peak seasonally aligns with fertilization (summer and

winter crop) and rainfall — direct link of agriculture and nutrient loads.

= Ten CSAs, covering ~10% of catchment, contribute 71% NO;-N
and 64% PO,-P loads. Evaluated for a link with agriculture.

Table showing average monthly nitrate-N and phosphate-P produced in
critical source area sub-catchments.
Sub-catchment NO,-N (kg hal) PO,-P (kg ha?)

1 134 49.4
3 27.5 101
4 321 96.1
6 42.3 150
15 372 140
18 0.00 0.09
21 77.9 10.6
22 418 46.0
23 32.2 9.08
26 18.7 705

25000

20000

' 15000

10000

5000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Average NO5-N load (kg NOs-N month)
(=]

WSubl mSub3 mSub4 ©Sub6 mSub15
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Jan  Feb Mar Apr May Jun  Jul Auwg Sep et Nov Dec
Month

Average PO,-P load (kg PO,-P month')

mSub1l mSubh3 mSubd wmSub 6 mSub 15
® Sub 18 m Sub 21 m Sub 22 m Sub 23 mSub 26

Average loads for each month of the year,
indicating seasonal variation of NO;-N and PO,-P
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Results and Discussion

NO3-N annual load (kgiyear)
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Colour-coded NO5-N and PO,-P loads kg year' in the

loads and red indicating the highest

What controls loads?

* Production intensity

* Topography

* Soil type

* Proximity to water bodies

* WWTWs
* Upstream pollution

Sub-catchments with agricultural activity in the Middle Olifants
Middle Olifants Catchment with green indicating lowest Catchment are highlighted in brown with dark brown indicating the

lowest loads, grading to light brown, with the highest loads. &
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Results and Discussion

Fertiliser Reduction Results

»  20% nutrient reduction most effective in reducing NO5;-N and mineral-P loads.
» Consistent reductions across CSAs except sub-catchment 26 (anomalous response).
» Site specific management is needed.
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Sub-catchment number Subbasin number
0010% Preduction M20% Preduction [O10mVFS [E20mVFS [E30m VFS 0010% Nreduction  W20% N reduction E110mVFS [E20mVFS  E30m VFS

Mineral-phosphorus (mineral-P) and Nitrate-nitrogen (NO3;-N) reduction using each scenario for the sub-
catchments identified as critical source areas in the Middle Olifants Catchment %
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Results and Discussion
Vegetative Filter Strips (VFS) Results

» VFS effective mainly for mineral-P reduction.
=  Wider strips (>10 m) did not significantly increase mineral-P load reduction.

= Unexpected increases in NO;-N loads at 20 and 30 m widths, possibly due to nitrification and vegetation
dynamics.

» Importance of vegetation management (e.g., periodic cutting) to maintain VFS effectiveness
= Steep slopes (>8%) reduce VFS efficiency; alternative BMPs needed for steep areas.
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NO3-N reduction (%)

8 & 8 8 5 o B

6 15 18 21 22

N
@
~
o

Sub-catchment number

Subbasin number
[0110% P reduction  M20% P reduction ©10m VFS E20mVFS [@30m VFS [10% N reduction  m20% Nreduction E110mVFS [@20mVFS  £330m VFS
P

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
Qe




Conclusions

= Streamflow rate and NO5-N concentrations accurately predicted at catchment scale with SWAT.
» Limitations in simulating PO,-P, but it was adequate to detect trends in the catchment.

= Nutrient flushes showed a temporal correlation with crop fertilization and summer rainfall — link with
pollution loads in MO catchment.

= Nutrient loading not uniformly distributed across agricultural areas, but predominates from CSAs with
intensive agriculture (71% of the total NO4-N and 64% of the total PO,-P in the catchment).

= Problem exacerbated by untreated and partially treated sewage from failing WWTWs.
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Conclusions

» Reducing fertilizer application rates, particularly by 20%, reduced nutrient loading in the catchment.

» Vegetation filter strips reduced mineral-P, but strips wider than 10 m did not decrease nutrient loads
significantly.

* VFS has the opposite effect for NO5;-N in some cases.

» Landscape heterogeneity affects nutrient transport and BMP effectiveness.

= Combined BMP approaches could enhance nutrient load reductions.

» This study is valuable to inform targeted monitoring spatially and temporally.
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Future Directions for the Middle Olifants
catchment

» Increase monitoring frequency, especially in CSA.

» Couple SWAT with detailed crop models (e.g., APSIM) to assess BMP impacts on yield and costs.
» Conduct farmer surveys to evaluate BMP adoption feasibility and motivations.

= With farmer permission - implement BMPs in CSAs where possible and monitor.
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Current Actions to Address Data Gaps

Developed a SWAT soil map for South Africa (Le Roux, J.J., Mararakanye, N., Mudaly, L., Weepener,
H.L., van der Laan, M. 2022. Development of a South African national input database to run the SWAT
model in a GIS, WRC report 30563/1/22. Water Research Commission: Pretoria, South Africa. ISBN 978-
0-6392-0454-3. https.//wrcwebsite.azurewebsites.net/wp-content/uploads/mdocs/3053% 20final.pdf).

Map can be found on Water Resource Observatory (https://www.waterresearchobservatory.org/):
water-related data, research, monitoring info.

Currently developing a water quality test kit - citizen science project (WRC project number C2024/2025 -
01596 Developing a fully quantitative WQ monitoring kit and data ecosystem for SA).

P
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