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Abstract

Good germination is a basic requirement for successful sugarcane production. To predict crop
emergence and manage early crop development it is necessary to understand the factors that
affect germination and early growth. The minimum temperature for bud germination used in
the CANEGRO and APSIM crop models is 10°C, based on leaf emergence studies. As the
base temperature for emergence for South African cultivars has not been documented
previously, a study was initiated to examine the effect of temperature, soil moisture, soil
fertility and seed lot on the emergence of cultivars NCo376, N16, N27 and non-fertilised N27.
Carefully selected setts were planted in trays filled with soil of 0, 7 and 21% clay content, in
glasshouse cubicles which were set at 30°C, 25°C, 20°C and 15°C respectively. A set of
planted trays was kept dry while the rest was irrigated according to evaporative demand.

Bud emergence from a 60 mm planting depth peaked at 14, 22 and 56 days in the 30, 25 and
20°C cubicles, respectively. Germination in the 15°C environment was very poor and could
not be used to determine base temperatures. Using linear extrapolation of the response to
temperature, the results indicated that emergence did not take place below 18.1°C for
NCo376, 17.8°C for N16 and 16.8°C for N27. Seedcane of unfertilised origin germinated
significantly more poorly than that of fertilised origin and sets planted in fertilised soil
demonstrated significantly higher emergence counts (p=0.05) compared to unfertilised soil.
Setts planted in sun-dried soil did not grow roots or show signs of bud swelling and
differentiation.

Results from this study may help explain the poor emergence under cool winter conditions or
poor ratoonability experienced under trash. Results also indicated differences in cultivar
sensitivity, and the methodology could be used to screen for better adaptation to the cooler
Midlands or southern production areas.
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Introduction
Germination under low temperatures is a concern in the South African sugar industry as much

of the cutting is done during winter. Particularly the Midlands and most southern sugarcane
producing areas can experience low temperatures at the time of crop ratooning.
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Sugarcane germination and growth is closely related to temperature (Glasziou et al., 1965)
and is more sensitive to relatively low temperatures than annual grain crops. It has been
established that the optimum temperature for germination occurs between 30°C and 35°C
(Ingamells, 1989) but there is significant variation in the base temperatures reported for
sugarcane. Whiteman et al. (1963), for example, found germination to be optimal at 30°C, but
virtually zero at 16°C or below. Romero et al. (2001) however, reported base temperatures for
germination ranging from 10.7 to 13.5°C for some Brazilian cultivars. The minimum
temperature for bud germination used in the CANEGRO (Singels et al., 2008) and APSIM
(Keating et al., 1999) crop models is 10°C based on leaf emergence studies. In a study by
Singels and Smit (2002), 40% emergence was recorded 67 days after a 28th May planting.
Simulation of this and other winter started trials indicated that temperature effects on
germination and emergence of South African sugarcane cultivars need to be investigated.

Methodology

A glasshouse with temperature controlled cubicles (2.5 m x 5.5 m) at the South African
Sugarcane Research Institute at Mount Edgecombe, were used for the study. Cooling capacity
is 35,000 British Thermal Units (BTU), and heating 36,000 BTU per cubicle. Four cubicles
were set to 30, 25, 20 and 15°C constant temperatures, respectively. The mean hourly
temperatures achieved at seedling height in these cubicles for the duration of the trial were
30.33 +£5.35°C, 25.4 £8.59°C, 19.38 £2.60°C and 16.33 +4.44°C.

Seedcane from cultivars NCo376, N16, N27 and non-fertilised N27 were used. Setts of 8 cm
in length were cut from the mature central section of the stalk, and inspected for bud quality
before being dipped for 10 minutes in a solution of 5 ml Eria fungicide in 10 L water. The
setts were planted in trays with the bud facing up and covered with 50 mm growth medium.
Emergence was recorded twice daily when the emerging spindle reached 60 mm from the
base of the bud.

Topsoil with 50% clay (Arcadia), 3% clay (Fernwood) and vermiculite were used as growth
mediums. Topsoil with 50% clay (Arcadia) which had not been fertilised for more than 60
years was also included in the trial. A set of trays with sun-dried sandy soil was kept dry
while the remainder were irrigated according to evaporative demand.

The base temperature (Tb) was determined as the point where the linear line representing the
relationship between the inverse of number of days to 50% emergence on the y axis and the
mean temperature for the same period on the x axis, intersected the x axis.

Results and Discussion

Bud emergence peaked at 10, 19 and 56 days in the 30, 25 and 20°C cubicles, respectively
(Figure 1). Germination and emergence was above 90% for the fertilised seed lots in the 30°C
environment but decreased as temperature decreased. Germination in the 15°C environment
was very poor and could not be used to determine base temperatures. Seedcane from non-
fertilised origin recorded germination of 69, 60 and 79% in the 30, 25 and 20°C cubicles,
respectively. No setts germinated in the dry soil under any temperature, and an inspection
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indicated that the setts dehydrated without any sign of root or bud development. Germination
percentage was also significantly lower in the unfertilised soil.
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Figure 1. Daily emergence for sugarcane cultivar NCo376

under three temperature regimes.

When a linear line is fitted to the inverse of time to 50% emergence, the base temperatures
were determined to be 18.1°C, 17.8°C and 16.8°C respectively for NCo376, N16 and N27
(Figure 2). These relatively high base temperatures confirm the observation that crop start is
slow and ratoonability is poor in winter when mean daily temperatures are at or below 20°C.
In field trials Zhou (2003) found a base temperature of 16°C to be more likely than 10°C for
Zimbabwean cultivars.
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Figure 2. Relationship between rate of emergence and temperature
for three sugarcane cultivars.

Conclusion

Shoot emergence was affected by soil fertility, soil moisture content and temperature.
Germination was poor below 20°C, and the apparent base temperatures were calculated to be
18.1°C, 17.8°C and 16.8°C for cultivars NCo376, N16 and N27 respectively. This is higher
than that currently used in the CANEGRO crop model and may explain some of the
discrepancies between simulated and observed data for crops initiated at times when the mean
daily temperatures are above 10°C but below the reported base temperatures.

Controlled environment facilities are well suited to conduct screening for germination in
response to temperature. Identification of genotypes with good germination and/or
ratoonability under relatively low temperatures is necessary in developing cultivars better
adapted to the most southern sugarcane producing areas in the world.

Acknowledgement
Permission to use the pathology research glasshouse and technical assistance by George
Kanniappen and Njabulo Mkhize is gratefully acknowledged.

REFERENCES

Clements HF and Nakata S (1965). Minimum temperatures for sugar cane germination. Proc Int Soc
Sug Cane Technol 12:554-560.

233



SmitM A Proc S Afr Sug Technol Ass (2010) 83: 230 - 234

Glasziou KT, Bull TA, Hatch MD and Whiteman PC (1965). Physiology of Sugar-Cane: VII. Effects
of temperature, photoperiod duration, and diurnal and seasonal temperature changes on growth and
ripening. Aust J Biol Sci 18: 53-66.

Ingamells JL (1989). Nursery practices for sugarcane transplants. Ann Rep Haw Sug Technol 18-21.

Keating BA, Robertson MJ, Muchow MC and Huth, N.I., (1999). Modelling sugarcane production
systems I. Development and performance of the sugarcane module. Field Crop Research, 61, 253-
271.

Romero ER, Scandaliaris J, Rufino M and Perez Zamora F (2001). Biothermal models to predict plant
cane emergence. Proc Int Soc Sug Cane Technol 24: 95-100.

Singels A and Smit MA (2002). The effect of row spacing on an irrigated plant crop of sugarcane
variety NCo376. Proc S Afr Sug Technol Ass 76: 94-105.

Singels A, Jones M and van den Berg M (2008). DSSAT V4.5 Canegro Sugarcane Plant Module:
Scientific Documentation. International Consortium for Sugarcane Modelling.

Whiteman PC, Bull TA and Glasziou KT (1963). The Physiology of Sugar-Cane VI. Effects of
temperature, light, and water on set germination and early growth of Saccharum spp. Aust J Biol
Sci 16(2): 416-428.

Zhou MM (2003). Modelling variety differences in canopy growth and development of sugarcane
(Saccharum Officianarum L.) using Canegro. MSc Agric thesis, University of Natal, South Africa.

234



	Opening Page
	Contents
	Plenary
	Eighty-fifth annual review of the milling season in Southern Africa (2009-2010)
	Review of South African sugarcane production in the 2009-2010 season from an agricultural perspective
	Double profits with a controlled traffic zero-till irrigation farming system?
	Review of sugarcane material handling from an integrated supply chain perspective

	Agriculture Session One: Breeding and Varieties
	Performance evaluation of SASRI varieties N19 and N25 in Tanzania
	Development of a variety selection decision support system:  genotype x environment analyses and system validation
	Multivariate repeated measures: A statistical approach for analysing data derived from sugarcane breeding variety trials
	Integrating agronomic and economic principles through applications of variety trial data: The Illovo case study
	NOVACANE® as a tool for rapid propagation of material for the SASRI plant breeding programme

	Agriculture Session Two: Small-Scale Growing
	Enhancing small-scale grower sustainability through institutional change
	Analysis of small-scale grower returns in Mpumalanga: Tenant farmers or sustainable producers?
	Financial management of Farmers' Associations for Small-Scale Growers: Lessons from the Malelane Mill Cane Committee
	Economic control of Cynodon - a theoretical strategy for emerging sugarcane farmers

	Agriculture Session Three: Irrigation
	Electricity tariff increases: the impact on irrigators?
	The revamped SASRI weather data service
	Deficit irrigation: a strategy to counteract escalating electricity tariffs and water shortages
	Optimizing irrigation scheduling of portable overhead systems: A simulation study
	Influence of climate data quality on the accuracy of South African sugarcane yield estimates

	Agriculture Session Four: Nutrition
	Nutrition of the South African sugar crop: current status and long-term trends
	Challenges and opportunities in leaf nutrient data interpretation
	Nitrogen responses and nitrogen use efficiency of four sugarcane varieties in Mpumalanga
	The use of twin-N (Nitrogen fixing bacteria for non-legumes) as an alternative source of nitrogen for sugarcane production

	Agriculture Session Five: Agronomy
	The effect of a trash blanket on the energy balance of a sugarcane crop: preliminary results
	Characterising the factors that affect germination and emergence in sugarcane
	An applied approach to sugarcane harvest scheduling decision support
	Adsorption of atrazine and hexazinone in a sugarcane soil amended with coal flyash

	Agriculture Session Six: Crop Protection: Insect Pests
	Impact of sugarcane thrips, Fulmekiola serrata (Kobus) (Thysanoptera: Thripidae) on sugarcane yield in field trials
	The presence of Wolbachia in Eldana saccharina Walker (Lepidoptera: Pyralidae): Implications for biological control
	Identification of herbivore induced plant volatiles from "push-pull" plants and Fusarium species: aids for the management of Eldana saccharina Walker (Lepidoptera: Pyralidae) in sugarcane?

	Agriculture Session Seven: Crop Protection
	Fusarium species causing pokkah boeng and their effect on Eldana saccharina Walker (Lepidoptera: Pyralidae)
	Effects of silicon and plant defence inducers on sugarcane yield parameters, Eldana saccharina Walker (Lepidoptera: Pyralidae) and Fulmekiola serrata Kobus (Thysanoptera: Thripidae) 
	Integrated weed management for sugarcane field verges: Melinis minutiflora and Cynodon dactylon encroachment

	Factory Session One: Factory Operations
	Experience of diffuser performance at very low imbibition water rates
	Noises off: banging sounds from pipes and vessels in a sugar factory - causes and cures
	A juice clarifier with turbulence reduction devices: results of first industrial trials 
	Measuring the quantity of incondensable gas removed by a liquid ring vacuum pump

	Factory Session Two: Commercial
	Factory Session Three: Optimisations
	Analysis of factory performance figures as an aid to identifying sources of undetermined loss
	Maidstone Mill factory optimisation: Use it or lose it
	Environmental challenges facing the sugar manufacturing industry
	A seasonal evaluation of the FilterKwik raw sugar filterability test

	Factory Session Four: Analysis and Control
	Using near infra red spectroscopy for rapid quantification of intermediate sugar factory products
	An introduction to gas chromatography mass spectroscopy for the structural elucidation of polysaccharides from sugar processing streams 
	Are mannitol and lactic acid indicators of sugarcane deterioration in a South African context?

	Factory Session Five: Factory
	Backend corrosion in bagasse-coal fired boilers with particular reference to co-generation
	Prepex - a hammerless shredding technology
	Evaluation of the SMRI juice colour analysis methods and laboratory clarification tests
	Evaluation of a BMA k2300R continuous centrifugal at Ubombo Mill, Swaziland 

	Factory Session Six: Refining
	Carbonatation - Pilot plant evaluation of single stage membrane filter press in a carbonatation refinery
	Evaluation of hydrogen peroxide at Huletts Refinery: preliminary results
	Refinery carbonatation - A practical approach

	SEARCH: 2010 PROCEEDINGS
	HISTORICAL PROCEEDINGS
	Bosch Engineering Solutions
	Editorial Panel 2010
	Officers: 2010 Update
	Award Winners: 2010 Update
	Instructions for Authors
	Disclaimer & Copyright
	Exit

