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Where are the Graduates?
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Ag Eng 75th

Mechanisation Programme



Contents

•     “Fuel Crisis”
•      Sasol Diesel
•      Costs of Ag Production
•      Soil Compaction
•      Post-harvest deterioration



1970’s Fuel crisis  

https://en.wikipedia.org/wiki/1973_oil_crisis

Liquid Fuel

Daily fuel rationing 
from 6 pm. to 6 am

Weekend restrictions

Reduction in the 
speed limit to 80 
km/h



Alternative Fuels Research
• UKZN focus on Ethanol for Diesel
• Ag Eng Collaboration with

• MB (Germany)
• Perkins (UK)



Tractors running on Ethanol

Combustion expertise
• Fuel Burning Process
• Engine Durability



Sasol Diesel

Durability test rigs

Altitude simulator



Agricultural Production 
Costs

• Machine efficiency

• Supply Chains

• Vehicle Scheduling



Optimising Supply Chains in Sugarcane



Vehicle Scheduling

Vehicle queues reduced to 
almost zero

Vehicles from 70 to 25

Reliability of cane supply, no-
cane stops from 600 h to 150 h
 

National 
Gold 

Logistics 
Award



Compliance in transport systems

• Road Traffic Management 
System. (RTMS)

• 396 Depots

• > 17000 Vehicles

• Performance Based 
Standards (PBS)

• 2000 Vehicles
• 600 M km

• 20% improvement in 
metrics

National 
Platinum 
Logistics 

Award



Traffic Induced Compaction and Yield decline
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Harvest to crush delay
Conversion of Sugars to CO2 and water
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Average

Temperature (°C)

Respiration (nmol/g/s)

Conversion of Sugars to CO2 and water
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0.0403679447

0.0645348331

0.1051307989

0.1856549608

0.3656372926

0.5662903367



Data

		Respiration measurements - sugarcane culm harvested 11/1/2005

				Cuvettes 1-6 = Set to 4 °C overnight																																																																																																								Assumption

				Cuvettes step up in temperature at roughy 1 h intervals																																																																																																		C6H12O6 + 6 O2 -> 6 CO2 + 6 H2O						Internode 11		15% sugar

				Temperature measured by embedding a thermometer in a cane stalk																																																																																																								1 g FW =		0.15

																																																																														nmol CO2/g/s						Log												mg CO2/g/d						mg C6H12O6/g/d						mg  C6H12O6/g sugar/d

										Cuvette																				Summary (nmol/g FW/s)														Log														Q10																																						30°C						30°C						30°C

		Date		Time		Hours		Measure		1		2		3		4		5		6						Ref				1		2		3		4		5		6				1		2		3		4		5		6				Av T		1		2		3		4		5		6				Date		Time		Average		SE				Average		SE										Average		SE				Average		SE				Average		SE

		11/1/2005		17:15				FR		148		152		145		146		143		142										0.06		0.06		0.08		0.04		0.04		0.04				-1.20		-1.23		-1.12		-1.35		-1.37		-1.38																				11/1/2005		17:15		0.05		0.01				-1.28		0.04										0.21		0.02				0.14		0.01				0.02		0.00

		4						Delta CO2		28		33		41		27		28		29						216

		12/1/2005		14:00				FR		145		152		143		144		144		143										0.02		0.02		0.03		0.02		0.02		0.01				-1.66		-1.71		-1.53		-1.74		-1.81		-1.84																				12/1/2005		14:00		0.02		0.00				-1.72		0.05										0.08		0.01				0.05		0.01				0.01		0.00

		5		11				Delta CO2		10		11		16		11		10		10						226

		12/1/2005		15:00				FR		144		149		143		143		144		143										0.05		0.04		0.06		0.03		0.03		0.03				-1.30		-1.40		-1.23		-1.53		-1.47		-1.52				9.5		2.54		2.28		2.22		1.81		2.44		2.33				12/1/2005		15:00		0.04		0.00				-1.41		0.05				2.27		0.10				0.15		0.02				0.10		0.01				0.02		0.00

		14		10.5				Delta CO2		23		23		32		18		22		21						206

		12/1/2005		16:00				FR		145		154		144		145		145		143										0.07		0.07		0.10		0.05		0.05		0.05				-1.15		-1.14		-0.99		-1.34		-1.29		-1.34				16		2.46		2.83		2.66		1.97		2.56		2.46				12/1/2005		16:00		0.06		0.01				-1.21		0.06				2.49		0.12				0.25		0.03				0.17		0.02				0.03		0.00

		18		10.5				Delta CO2		32		40		55		28		33		32						228

		12/1/2005		9:20				FR		147		154		142		145		143		142										0.11		0.11		0.18		0.07		0.09		0.07				-0.96		-0.97		-0.74		-1.14		-1.06		-1.15				20.5		2.82		3.07		3.41		2.24		3.14		2.76				12/1/2005		9:20		0.11		0.02				-1.00		0.06				2.91		0.17				0.40		0.06				0.27		0.04				0.04		0.01

		23		10.5				Delta CO2		50		60		99		44		57		50						227

		12/1/2005		16:30				FR		145		154		144		147		144		143										0.19		0.20		0.32		0.13		0.15		0.13				-0.73		-0.70		-0.50		-0.88		-0.82		-0.90				26.5		3.44		4.13		4.28		2.90		3.96		3.52				12/1/2005		16:30		0.19		0.03				-0.75		0.06				3.70		0.21				0.71		0.11				0.48		0.07				0.07		0.01

		30		10.5				Delta CO2		86		112		170		78		99		88						228

		12/1/2005		21:30				FR		144		156		145		147		144		144										0.42		0.36		0.51		0.37		0.28		0.25				-0.38		-0.44		-0.29		-0.43		-0.55		-0.60				32.5		6.36		6.22		5.77		6.81		6.13		5.84				12/1/2005		21:30		0.37		0.04				-0.45		0.05				6.19		0.15				1.39		0.14				0.95		0.10				0.14		0.01

		35		10.5				Delta CO2		192		200		273		220		184		174						228

		12/1/2005		8:45				FR		148		160		146		148		144		145										0.75		0.57		0.65		0.55		0.43		0.45				-0.13		-0.25		-0.19		-0.26		-0.36		-0.35				37.5		9.77		8.28		6.33		8.68		8.06		8.95				12/1/2005		8:45		0.57		0.05				-0.25		0.04				8.34		0.47				2.15		0.19				1.47		0.13				0.22		0.02

		40		10				Delta CO2		335		303		347		325		282		309						230

										Weight

		Date						Day		1		2		3		4		5		6		Average		SE

		11/1/2005						0		42.8		55.2		50.2		56.8		60.5		64.2		51.23		3.11





Summary

		Summary

						nmol CO2/g/s						Log				Q10				mg CO2/g/d				mg C6H12O6/g/d				mg  C6H12O6/g sugar/d

																				30°C				30°C				30°C

				Temperature		Average		SE		1/T (x1000)		Average		SE		Average		SE		Average		SE		Average		SE		Average		SE

				4.00		0.05		0.01		3.61		-1.28		0.04						0.207		0.022		0.14		0.01		0.02		0.00

				5.00		0.02		0.00		3.60		-1.72		0.05						0.075		0.008		0.05		0.01		0.01		0.00

				14.00		0.04		0.00		3.48		-1.41		0.05		2.27		0.10		0.153		0.018		0.10		0.01		0.02		0.00

				18.00		0.06		0.01		3.44		-1.21		0.06		2.49		0.12		0.245		0.034		0.17		0.02		0.03		0.00

				23.00		0.11		0.02		3.38		-1.00		0.06		2.91		0.17		0.400		0.063		0.27		0.04		0.04		0.01

				30.00		0.19		0.03		3.30		-0.75		0.06		3.70		0.21		0.706		0.109		0.48		0.07		0.07		0.01

				35.00		0.37		0.04		3.25		-0.45		0.05		6.19		0.15		1.390		0.144		0.95		0.10		0.14		0.01

				40.00		0.57		0.05		3.19		-0.25		0.04		8.34		0.47		2.153		0.186		1.47		0.13		0.22		0.02





Summary
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Hydrological Research…1975-2025: A Personal Journey                                                   
Phase 1: From Measuring to the Beginning of 
Modelling to the Birth of Hydrology as a 
Discipline

Research Catchments at Cedara, 
De Hoek/Ntabamhlope, Zululand

After 2 Years, the Principal Calls Me In 
1982… re.  Hydrology as a Discipline



Hydrological Research…1975-2025: A Personal Journey                                                                             
Phase 2: Development of the ACRU Agro-Hydrological Modelling System

… Including the ‘Alien’ Scientist Being the AgEng HoD for 2 Years



Hydrological Research…1975-2025: A Personal Journey                                                                             
Phase 3: Development of the  National Level Databases and Modelling

The Basic Spatial Resolution of Operation:   
SA’s QUINARY Catchments and Sub-Units 
to        give Hydrological Responses at the 
Local Scales that Matter                          
5 838 Hydrologically Relatively 
Homogeneous Interlinked 
Quinaries

We now Model  40866 
Spatial Units across 

RSA, Lesotho & 
Eswatini

Using Jenks’Optimisation



Hydrological Research…1975-2025: A Personal Journey                                                
Phase 4: 1990s…Climate Change                             

  Rears its Head

www.daff.gov.za/Divisions/Other/Clim
ate_ 

Change_and_Disaster_Management/
Documents

R.E. Schulze                          
(2011; 41 Chapters, pp 

388)

Involvement in Local, National 
& International Committees

Author/Co-Author to 137 
Publications on Climate Change



Hydrological Research…1975-2025: A Personal Journey                                                                             
Phase 5: Post-Retirement… Addressing Issues of the Real World
 a. Detailed Regional/Local Studies, e.g. 
  Waterberg Komati System
  City of Tshwane QwaQwa
  uMngeni-uThukela System
  Berg System
 b. Impact Studies… Afforestation, Overgrazing, Veld   
  Burning, Tillage Practices, WWTW,                                                                                           

 Alien Invasives, Urban Systems 
 c. The April 2022 Durban Floods
 d. The Era of Internationalisation
           Member of the IPCC, e.g. Austria, Australia
           Annual International Post-Grad Lecturing, e.g. IHE, SMHI 
           International Accreditations, e.g. Kenya, Columbia
 
 Including Learning New Skills en route
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Irrigation and Soil and Water 
Conservation Engineering

• Development of Technical and Financial Norms 
and Standards for Drainage of Irrigated Lands



Irrigation and Soil and Water 
Conservation Engineering

• Irrigation infrastructure performance in 
smallholder irrigation in South Africa



Irrigation and Soil and Water 
Conservation Engineering

• Rural water supplies infrastructure management 
in South Africa and the sub-region

• Short furrow irrigation system



Irrigation and Soil and Water 
Conservation Engineering

• Moistube irrigation technology research – 
characterization, soil water dynamics, and crop 
response to Moistube irrigation



Irrigation and Soil and Water 
Conservation Engineering

• Water-energy-food (WEF) nexus 
characterization, applications and development 
of the iWEF model



Irrigation and Soil and Water 
Conservation Engineering

• Crop water requirements
• Irrigation scheduling tools  

• Soil and Water Conservation 
Engineering

• Rainfall erosivity
• CoSDT development & 

software



Design Rainfall Estimation
• DRE-SA software

• Regionalised approach
• 5 min – 7 days
• 2 – 200 year RP
• Software: 1’x1’ resolution
• Recommended by SANRAL DM
• Widely used



Design Flood Estimation
• SCS-SA

• Modified and adapted for local 
conditions

• S-S lag estimation equation
• Expanded HSGs
• Regionalised accounting for AMC
• Design hyetographs

• Production of user manuals
• SCS-SA software  (> 700 sold) 
• Many courses
• Recommended for use in SA
• Further development – CSM

• NFSP
• New developments
• NaFSAT 
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Applied Agricultural and Food 
Systems Engineering
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25%

20%
10%15%

10%

15%
5%

Applied agricultural and food 
systems engineering
Percentage of Total 

Publications

Food Engineering
Food Science & Technology
Environmental Control
Renewable Energy
Bioprocessing
Postharvest Technology
Agricultural Mechanisation

Major and Specific Areas Covered 



Impact
Smoothing tomatoes’ bumpy 
ride to market

Evaporative 
cooling
 technologies for 
fresh produce 
storage



Thank you for your attention!
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