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Executive Summary: 
Frost damage to sugarcane crops affects about one third of the NSW cane 
growing lands reducing production by 10 - 30% and costing the industry up to 
$2.5 million about 1 in 3 years. This project established trials to test whether 
artificial freeze testing of cane seedlings could be used to identify cane 
varieties that would perform well under field frosting conditions. Trials aimed 
to ascertain if subjecting seedlings to cold room freezing would produce a 
similar reaction of damage to that observed in the field and determine an 
appropriate testing regime of temperature and duration. Varieties were placed 
in a cold room chamber for 2 hours at a temperature of -3ºC to simulate field 
frosting conditions. In the 2009 trials, varieties were assessed by slicing the 
meristem to determine the degree of damage. For the 2010 trials a non-
destructive assessment process was utilised and plants assessed over a 
period of 27 to 106 days after treatment. Some differentiation was identified 
between varieties through artificial freeze testing. However the degree of 
differentiation between the good, average and poor categories was very small 
and the majority of individual trials failed to show any statistical significance. 
The trials have shown that it is difficult to clearly correlate ratings derived by 
artificial freeze testing of seedlings with known field reaction of more mature 
cane plants. 

 

Background: 
Frosts occur in sugarcane growing areas south of Mackay but more significant 
frost induced losses occur in South Qld and Northern NSW because of the 
greater frequency and severity of frosting events. Frost damage occurs when 
freezing ruptures plant cells. The most significant type of damage to the plant 
is death of the growing point. Other types of damage are leaf burn and death 
of the eyes down the cane stalk. Death of the growing points occurs at 
temperatures below -2.0° C. The extent of death wil l be affected by the 
minimum temperature reached, the length of time at frosting temperatures 
and the previous hardening of the crop by exposure to mild frosts. Research 
by Weaich, Neilsen and Hughes (1995) showed that for the Broadwater mill 
area based on 29 years of temperature records from frost prone sites that: 

o In 20% of years there were no frost problems (minimum 
temperature > -2.0°C) 

o In 60% of years crop management and variety determined frost 
damage (temperatures from -2.0° to -3.4°C) and  

o In 20% of years farmers may have experienced frost damage 
beyond their control (temps < -3.4°C), which can on ly be 
alleviated by breeding cultivars with improved frost resistance. 

This project will add value in those 60% of years when management plays an 
important role in mitigating frost damage. 
 

Aims: 
This project aimed to trial artificial freeze testing of varieties in the advanced 
stages of selection to determine the degree of natural resistance to cold 
temperatures. Project activities aimed to  
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· Develop a range of protocols for freeze testing using varieties with a 
range of frost tolerance.  

· Propagate as one-eye setts the varieties from BSES final stage 
selection trials (AAT’s) and commercial varieties with a range of frost 
tolerance for comparison. 

· Subject these varieties to an artificial freeze test in a cold room at 
varying damaging frost temperatures and durations. 

· Assess variety in reaction to frost and identify varieties with potential 
frost resistance. 

· Propagate these varieties and assess performance on group farms 
under differing environments.  

· Conduct regular group meetings and farm walks. 
 

Methodology: 
Key stages of the project were: 
 
Establishment of propagation facilities 
A greenhouse facility and outside benches have been developed at a site 
near Broadwater Sugar Mill. The greenhouse required the establishment of a 
base using shale, geo-fabric and blue metal. An old steel hoop frame was 
sourced and re-skinned with white plastic. The greenhouse has 2 access 
doors and the capacity to roll the sides up for ventilation.  
Outside benches have been set up to allow the plants to be pre-hardened in 
ambient temperatures of early winter prior to frost testing in the cold room. 
Both facilities have micro-irrigation, which is controlled electronically to allow 
minimal labour requirement for regular watering. 
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Identifying standard, commercial and experimental v arieties for testing 
The initial stage of the project was to select varieties with known degrees of 
field frost tolerance and subject these varieties to cold room testing to 
determine if this replicates what is known to happen in the field. Varieties 
shown in Table 1 have been identified as having varying degrees of frost 
tolerance as assessed through field observations. The nine varieties were 
selected so that there were three varieties in each field frost reaction category 
of field reactions of poor, average and good 
 

Table 1. Varieties for initial screening trial 
Good frost tolerance Average frost 

tolerance 
Poor frost tolerance 

Q203 BN88-3347 Q136 
BN81-1394 Q202 Q205 
BN83-3120 Empire RB72-454 

 
Screening trials were conducted to develop a range of testing techniques in 
the cold room. 
 
The varieties shown in Table 2 were selected for routine screening following 
the development of testing protocols as described above. These varieties 
contain a mix of current commercial standards and upcoming experimental 
varieties for release to farmers. 

 
Table 2. Commercial and new clones for frost screening 

 

Arris Q211
BN81-1394 Rogan
BN83-3120 Q212W
BN88-3347 Q213
Co-740 Q223
Empire Q224
Esk Q234
KQ228 QC75-326
Louisiana RB72-454
Q136 SP79-2313
Q155 QS98-6040
Q157 QS97-2067
Q167 QS99-1059
Q177 QW92-201
Q188 Q225
Q190 QS96-6006
Q193 Q235
Q200 Q240
Q202 Q232
Q203
Q205
Q208
Q210

Varieties for testing
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Variety Propagation 
Varieties were propagated at Broadwater Mill using one-eye setts and planted 
in peat jiffy pots with a standard potting medium. The plants were then grown 
in a greenhouse and watered twice daily using an automatic irrigation 
controller. For the 2009 experiments variety pots were moved to outside 
benches in mid October to harden but very windy conditions stressed the 
plants and caused windburn. It was decided to move the plants back to the 
greenhouse to prevent further damage. 

Development of a testing protocol 
Five trials utilising the nine ‘standard varieties’ were conducted to determine 
the most appropriate testing protocol. 

Temperature and duration regimes are shown in Table 3. Temperature was 
pre-set using the controller on the cold room and temperatures during the trial 
was monitored using Tinytag data loggers (Hastings Data Loggers 
www.hdl.com.au) placed inside the cold room. Three loggers were 
programmed to record temperature every 2 minutes and the units were placed 
evenly in the cold room. An example of the data for Trials 4 & 5 is shown in 
Figure 3. 
 

Table 3. Temperature and duration for trials 1,2,3,4&5 
Trial number Temperature Duration 

1 -3ºC 3 hours 

2 -3ºC 3 hours 

3 -3ºC 2 hours 

4 -2ºC 3 hours 

5 -2ºC 2 hours 

 

 Peat jiffy pots containing one -eye setts and varieties the testing stage in the 
Broadwater Mill greenhouse.  
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Standard Trial 4 & 5
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Figure 3. Temperature data for Trials 4 & 5 from Tinytag data loggers. 

 

Results from each trial were statistically analysed and on the basis of Trial 3 
showing a statistically significant temperature response and the ranking order 
of the clones being similar to observed field reaction in the standard varieties 
a temperature regime of -3ºC for 2 hours was chosen for subsequent trials.  

 
Cold room testing 
 
2009 Trials 
These trials comprised 4 replicates each with 4 plants of the 9 varieties 
tested.  

The cold room and plants ready for testing (2009 tr ials)  
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Table 4 shows the dates of treatment and assessments for the 2009 trials. 

Table 4. Trial treatment and assessment dates  
 

Dates assessed and days after treatment Trial 
No 

Date 

Treated 30/10/09 2/11/09 6/11/09 9/11/09 12/11/09 16/11/09 17/11/09 19/11/09 20/11/09 

1 28/10/09 2 5 9 - - - - - - 

2 30/10/09  3 7 - - - - - - 

3 2/11/09   4 7 - - - - - 

4 4/11/09    5 8 - - - - 

5 4/11/09    5 8 - - -  

6 
Rep1&2 12/11/09      4 - 7 - 

6 

Rep3&4 
12/11/09       5 6 - 

 
2010 Trials 
A trial with 4 replicates was conducted using a portable cold room to simulate 
freeze conditions on the 36 varieties.   
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The 2010 trials used a non-destructive sampling technique where plants were 
put back in the greenhouse following treatment and plants were visually 
observed and rated using a 1-3 scale as follows: 1, (plant OK and growing 
normally), 2, (some damage, unsure of whether the plant would survive or 
not) and 3 (growing point and plant dead). Assessments were conducted on 
19 July 2010, 27 days after treatment (DAT), 2 August 2010 (41 DAT) and 6 
October 2010 (106 DAT). 
Dates of treatment and trial layout are shown in Tables 5 and 6 respectively. 
 
 

Table 5. Trial treatment and assessment dates 2010 trials 
 

Replicate Date tested 
1 21 June 2010 
2 22 June 2010 
3 22 June 2010 
4 23 June 2010 

 
 
 
 
 
 
 
 

Cold room and a replicate of plants in place for te sting, 2010 trials  
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Variety Assessment 
Initially, it was planned to use both leaf damage and damage to the growing 
point as assessment criteria for quantifying the effect of cold room freezing on 
the seedlings.  However, from visual assessment of Trials 1 and 2 it was 
clearly evident that it was not possible to differentiate different grades of leaf 
damage (all leaves badly damaged).  Therefore damage to the growing point 
was the only criteria used to quantify cold room effects.  

For the 2009 trials variety reaction to the simulated frost conditions was 
assessed initially by slicing growing points (apical meristem) on two plants 3 – 
5 days after treatment and a second assessment with the remaining two 
plants at 6 - 9 days after treatment. The exception was in Trial 1 where only 
one plant was assessed in the initial treatment. 

Table 6. Trial plan 
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Ratings were applied on a 1 to 3 basis as follows (with example pictures 
shown): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 – may survive, growing point and meristem tissue lar gely 
undamaged and normal colour  

2 – Don’t know, some damage to the growing point, tiss ues 
slightly discoloured and watery  
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Whole stalk trials 
The majority of the trials concentrated on testing plants grown from one-eye 
setts but cold room testing of whole stalks was also trialled. 
This trial was conducted by cutting whole stalks of the ‘standard’ varieties 
shown in Table 1 and placing the whole stalks with and without trash in the 
cold room. The aim was to determine if an assessment of bud and growing 
point damage in whole stalk cane rather than cane seedlings might be 
correlated with known field reaction. 
 
This trial was conducted by cutting whole stalks of the ‘standard’ varieties and 
placing the whole stalks with and without trash in the cold room. The aim was 
to determine if an assessment of bud and growing point damage in whole 
stalk cane rather than cane seedlings might be correlated with known field 
reaction 
The 8 varieties tested are shown in Table 7 

 
 

Table 7. Varieties tested in whole stalk trials 
 
 
 
 
 
 
 
 
 
 

3 – Dead, severe damage to the growing point, detachme nt 
and very watery tissues  
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A trial with 2 replicates was conducted using a portable cold room to simulate 
freeze conditions on the 8 varieties. 
Each replicate contained 8 varieties with 2 stalks of each variety. Dates of 
treatment are shown in Table 8. 

 
Table 8. Dates of treatment 

 
 
 
 
 
Assessments were conducted at 5 and 20 days after treatment (DAT) by 
slicing one of the two stalks. An assessment was made of damage to the 
growing point and using a 1- 3 scale as follows: 1, (growing point OK), 2, 
(some damage, unsure of whether the plant would survive or not) and 3 
(growing point dead). Damage (blackening and discolouration) to the eyes on 
the stalk was also assessed by slicing the eyes and recording the total 
number of eyes on the stalk and the number damaged. 

The whole stalks were placed in the cold room in an upright position and 
subjected to a temperature of -3ºC for 2 hours. This regime was selected on 
the basis of a previous trial showing a statistically significant response and the 
ranking order of the standard varieties being similar to observed field reaction. 
After closing the door of the cold room we allowed 20 minutes for the 
temperature to reduce to sub zero and then the 2-hour duration was taken 
from that point. Temperature during the trial was monitored using Tinytag data 
loggers (Hastings Data Loggers www.hdl.com.au) placed inside the cold room. 
Three loggers were programmed to record temperature every 2 minutes and 
the units were spaced evenly around the cold room.  
 
Project variation 

The original plan in the project was to assess variety performance on group 
members’ farms. After milestone 4 the screening techniques had not proven 
that cold room testing would indicate which varieties would perform under field 
frost conditions therefore it did not make sense to plant any varieties out to 
the field. Additionally cold room trials were completed in late November 2010 
and at this stage it is the end of the planting window in NSW and most 
farmers had completed planting. 

A project variation was submitted and approved whereby the group completed 
more cold room testing and the testing of whole stalk cane as per the 
following detail: 

- Trialling a dryer moisture regime in the plants prior to testing and instead 
of using destructive slicing assessment we will return the varieties to the 
greenhouse after testing and assess frost tolerance over time by observing 
whether the plant re-grows from the meristem tissue. 

- Testing mature cane stalks of the standard varieties in the cold room to 
assess whether bud and internal tissue damage from cold can indicate 
varieties likely to perform under field frost conditions. 

Replicate Date tested 
1 23 June 2010 
2 24 June 2010 
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Assessment 1 (30-10-2009) Only one plant checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 2 3 3 3 2.8
BN83-3120 2 1 2 1 1.5
BN88-3347 2 3 3 1 2.3
Empire 2 3 1 2 2.0 NS
Q136 3 1 2 2.0 P=0.37
Q202 3 2 2 3 2.5
Q203 2 3 3 2 2.5
Q205 3 3 1 1 2.0
RB72-454 3 3 2 3 2.8

good 2.3
poor 2.3
average 2.3

Assessment 2 (2-11-2009) 2 plants checked, one left to grow out
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1 3 2.5 3 2.4
BN83-3120 2.5 2 3 2.5 2.5
BN88-3347 1.5 3 3 2.5 2.5
Empire 3 2.5 2 3 2.6 NS
Q136 2.5 3 3 3 2.9 P=0.749
Q202 3 3 3 3 3.0
Q203 2 3 2.5 2 2.4
Q205 2.75 2 2 3 2.4
RB72-454 3 2 3 2 2.5

good 2.4
poor 2.6
average 2.7

Results and Outputs: 

2009 Trials 
Trial 1. (-3ºC for 3 hours) 
Results of the 2 assessments are shown in Table 9. There was no significant 
difference between varieties on ranking for frost tolerance in this trial. 

 

Table 9. Effect of freeze treatment on sugarcane varieties 
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Assessment 1 (2-11-2009) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1.5 2.5 1 3 2.0
BN83-3120 2.5 1.5 2.5 3 2.4
BN88-3347 1.5 2 3 3 2.4
Empire 3 2.5 2.5 2.5 2.6 NS
Q136 1 2 3 2 2.0 P=0.666
Q202 3 3 3 2 2.8
Q203 1 2 3 3 2.3
Q205 2.5 3 2.5 2.5 2.6
RB72-454 1 2 2.5 3 2.1

good 2.2
poor 2.3
average 2.6

Assessment 2 (6-11-2009) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1 2 1 2 1.5
BN83-3120 2 2 1.5 2 1.9
BN88-3347 2 2.5 2.5 3 2.5
Empire 2 1 3 2.5 2.1 NS
Q136 3 2 3 2 2.5 P=0.101
Q202 2.5 3 3 3 2.9
Q203 1 2.5 2 3 2.1
Q205 1 3 3 2.5 2.4
RB72-454 1.5 2.5 3 3 2.5

good 1.8
poor 2.5
average 2.5

Trial 2. (-3ºC for 3 hours) 
Results of the 2 assessments are shown in Table 10. There was no significant 
difference between varieties on ranking for frost tolerance in this trial. 

 

Table 10. Effect of freeze treatment on sugarcane varieties 
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Assessment 1 (6-11-2009) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1 1 2 1 1.3
BN83-3120 2 2 3 3 2.5
BN88-3347 1.5 3 3 3 2.6
Empire 3 2.5 3 2 2.6
Q136 1 1 2.5 3 1.9 P=0.0109
Q202 2.5 1 3 3 2.4 LSD=0.83
Q203 1.5 2 2 3 2.1
Q205 3 2 2.5 3 2.6
RB72-454 3 3 3 3 3.0

good 2.0
poor 2.5
average 2.5

Assessment 2 (9/11/2009  ) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1.5 1 2.5 1.5 1.6
BN83-3120 1 1 2.5 3 1.9
BN88-3347 1 3 2 3 2.3
Empire 1 3 3 2 2.3 NS
Q136 2.5 2 3 3 2.6 P=0.34
Q202 3 1 3 3 2.5
Q203 1 3 2.5 3 2.4
Q205 1 1 3 2.5 1.9
RB72-454 3 3 3 2.5 2.9

good 2.0
poor 2.5
average 2.3

Trial 3. (-3ºC for 2 hours) 
Results of the 2 assessments are shown in Table 11.  

Assessment 1 showed significant differences at the 10% level. 

 

Table 11. Effect of freeze treatment on sugarcane varieties 
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Assessment 1 (9/11/2009  ) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1 1.5 1 1 1.1
BN83-3120 1 1.5 1.5 3 1.8
BN88-3347 1 2 3 3 2.3
Empire 1.5 3 1 3 2.1 NS
Q136 2 2 1 1.5 1.6 P=0.1135
Q202 1 3 1.5 2.5 2.0
Q203 1 2 1 1 1.3
Q205 1 3 1.5 3 2.1
RB72-454 1 2.5 2 3 2.1

good 1.4
poor 2.0
average 2.1

Assessment 2 (12/11/2009 ) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1 1 1.5 1.5 1.3
BN83-3120 1 2 2 1.5 1.6
BN88-3347 1 1.5 3 3 2.1
Empire 3 3 2.5 3 2.9
Q136 2 2 1 1.5 1.6 P=0.0013
Q202 1.5 2 2 2.5 2.0 LSD=0.85
Q203 2 1 1 1 1.3
Q205 1 3 1 1.5 1.6
RB72-454 3 3 3 3 3.0

good 1.4
poor 2.1
average 2.3

Trial 4: (-2ºC for 3 hours) 
Results of the 2 assessments are shown in Table 12.  

Assessment 2 showed significant differences at the 5% level. 

 

Table 12. Effect of freeze treatment on sugarcane varieties 
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Assessment 1 (9/11/2009  ) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1 1 1 2 1.3
BN83-3120 1 2 1 2 1.5
BN88-3347 1 3 1 1 1.5
Empire 1 1 1 1 1.0 NS
Q136 1 2.5 1 2.5 1.8 P=0.6311
Q202 1 2 1 1 1.3
Q203 1 1 1 2.5 1.4
Q205 1 1 2 1.5 1.4
RB72-454 1 1 1 1 1.0

good 1.4
poor 1.4
average 1.3

Assessment 2 (12/11/2009 ) 2 plants checked
Rep 1 Rep 2 Rep 3 Rep 4 Av

BN81-1394 1 1 1 1 1.0
BN83-3120 1 1 1 2 1.3
BN88-3347 1 1.5 1 1 1.1
Empire 1 2 1 2.5 1.6 NS
Q136 1.5 2 1 2 1.6 P=0.1585
Q202 1.5 1.5 1.5 1 1.4
Q203 1 1 1 1.5 1.1
Q205 1 1.5 1.5 3 1.8
RB72-454 1 1 1 2 1.3

good 1.1
poor 1.5
average 1.4

 

Trial 5: (-2ºC for 2 hours) 
Results of the 2 assessments are shown in Table 13.  

There was no significant effect of treatment on ranking for frost tolerance in 
this trial. 

 

Table 13. Effect of freeze treatment on sugarcane varieties 
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Q203 3.000
SP79-2313 3.000
Q202 2.875
Q212W 2.875
QS97-2067 2.875
Empire 2.750
Q211 2.750
Co-740 2.625
KQ228 2.625
Q136 2.625
Q210 2.625
Q224 2.625
Q225 2.625 P=0.0525
Q234 2.625 LSD=0.99
QW92-201 2.625
Esk 2.500
Q212 (Rogan) 2.500
Q223 2.500
QC75-326 2.500
QS96-6006 2.375
RB72-454 2.375
Arris 2.250
BN83-3120 2.250
BN88-3347 2.250
Delta 2.250
Q205 2.250
Louisiana 2.125
Q157 2.125
Q193 2.125
Q232 2.125
QS99-1059 2.125
BN82-2384 2.000
Concord 2.000
Q155 2.000
Q167 2.000
Q177 2.000
Q190 2.000
Q200 2.000
Q208 1.750
Q235 1.750
BN81-1394 1.500
Q188 1.500
Q240 1.000

KQ228 3.000
SP79-2313 3.000
Q225 2.875
Q212W 2.750
Q234 2.750
Q202 2.625
Q203 2.625
Q205 2.625
Q212 (Rogan) 2.625
Empire 2.500
Q157 2.500
Q167 2.500
Q210 2.500 NS
Q211 2.500 P=0.216
QS96-6006 2.500
QS97-2067 2.500
QW92-201 2.500
RB72-454 2.500
Arris 2.375
Esk 2.375
Q136 2.375
Co-740 2.250
Q190 2.250
Q224 2.250
Q232 2.250
QC75-326 2.250
Q155 2.125
Q177 2.125
BN88-3347 2.000
Q193 2.000
Q200 2.000
Q223 2.000
Q235 2.000
BN83-3120 1.875
Concord 1.875
QS99-1059 1.875
BN82-2384 1.750
Q188 1.750
Delta 1.625
Louisiana 1.625
Q208 1.625
BN81-1394 1.500
Q240 1.000

 

Trial 6: (-3ºC for 2 hours) 
Results of the 2 assessments are shown in Table 14.  

Assessment 1 showed significant differences at the 10% level, however some 
of the standard varieties do not fit well in relation to their known field 
performance. For example Q203 was rated 3 and 2.63 in assessments 1 and 
2 respectively but this variety is known to have good field tolerance to frost. 

 

Table 14. Effect of freeze treatment on sugarcane varieties 
Assessment 1      Assessment 2  
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Variety average frost rating 
BN81-1394 1.60
BN83-3120 1.90
Q203 2.15
RB72-454 2.23
Q136 2.09
Q205 2.31
BN88-3347 1.96
Empire 2.11
Q202 2.06

Good 1.9
Average 2.0
Poor 2.2

For the 6 trials conducted there was total of 12 assessments after imposing 
the frost treatment in the cold room. Of the 12 assessments only 3 have 
shown statistically significant different cane variety responses to the cold 
room treatments.  

In the standard trials we aimed to compare the variety reaction after artificial 
freezing with known field reaction. The average of the ratings for all 6 trials for 
the nine standard varieties is shown in Table 15. 

 

Table 15. Average rating across 6 trials for the standard varieties 
 

 

 

 

 

 

 

 

 

 

Table 15 shows that we did detect some differentiation between standard 
varieties through artificial freeze testing. However the degree of differentiation 
between the good, average and poor categories was very small and as the 
majority of individual trials failed to show any statistical significance it is 
difficult to clearly correlate ratings derived by artificial freeze testing of 
seedlings with known field reaction of more mature cane plants.  

 

In Trial 6 where 34 NSW experimental and commercial varieties were tested 
with the 9 standard varieties only one of the 2 assessments showed any 
statistical significance. In Table 10 it shows that only 4 varieties are common 
in the top ten ratings namely Q188, Q208, Q240 and BN81-1394. This 
illustrates the variability of the assessments and the difficulty in using the 
artificial freeze ratings to accurately determine what varieties might perform 
well under field frost conditions. 
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2010 Trials 
Data from the 3 assessments of frost damage is shown in Tables 16, 17 and 
18 
                                         

Table 16.  Damage assessment ratings-19 July 2010 – 27 DAT 
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Table 17. Damage assessment ratings - 2 August 2010 – 41 DAT 
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             Table 18. Damage assessment ratings - 6 October 2010 – 106 DAT 

 
 
 
 
 
 
 
 
 
 



 25 

 
Statistical Analysis 
 
Assessment 1, 19 th July – 27 DAT  
There were statistically significant differences (P=0.003) between clones  
 
LSD All-Pairwise Comparisons Test of 19 th  July  for Clone  
Clones followed by same letter are not significantl y different. 
 
Clone        Mean  Homogeneous Groups  
QS99-1059  2.8750  A 
Q213       2.7500  AB 
Q223       2.7500  AB 
Q234       2.7500  AB 
QC75-326   2.7500  AB 
Q202       2.6250  ABC 
SP79-2313  2.6250  ABC 
BN82-2384  2.5000  ABCD 
Q177       2.5000  ABCD 
Q208       2.5000  ABCD 
Q212W      2.5000  ABCD 
Q225       2.5000  ABCD 
Q243       2.5000  ABCD 
QW92-201   2.5000  ABCD 
BN81-1394  2.3750  ABCDE 
Q136       2.3750  ABCDE 
Q155       2.3750  ABCDE 
Q157       2.3750  ABCDE 
Q167       2.3750  ABCDE 
Q190       2.3750  ABCDE 
Q210       2.3750  ABCDE 
Q211       2.3750  ABCDE 
Q212       2.3750  ABCDE 
Q242       2.3750  ABCDE 
BN88-3347  2.2500  ABCDE 
Q193       2.2500  ABCDE 
KQ228      2.1250   BCDE 
Q200       2.1250   BCDE 
Q235       2.1250   BCDE 
Q203       2.0000    CDEF 
Q240       2.0000    CDEF 
CONCORD    1.8750     DEF 
Q205       1.8750     DEF 
QS98-6040  1.8750     DEF 
ESK        1.7500      EF 
BN83-3120  1.3750       F 
 
Alpha              0.05     Standard Error for Comp arison  0.3190 
Critical T Value  1.983     Critical Value for Comp arison  0.6326  
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Assessment 2, 2nd August – 41 DAT 

For 2nd August rating there was no significant difference at the 5% level 
(P=0.0776).  On the basis that this assessment was significant at the 10% 
level (P<0.10) the ranked results are as follows. 

 
LSD All-Pairwise Comparisons Test of 2 nd Aug for Clone  
 
Clone        Mean  Homogeneous Groups  
Q200       3.0000  A 
Q208       3.0000  A 
Q212       3.0000  A 
Q212W      3.0000  A 
Q213       3.0000  A 
Q223       3.0000  A 
Q225       3.0000  A 
Q234       3.0000  A 
Q235       3.0000  A 
Q242       3.0000  A 
QC75-326   3.0000  A 
QW92-201   3.0000  A 
BN82-2384  2.8750  A 
Q243       2.8750  A 
SP79-2313  2.8750  A 
BN88-3347  2.7500  AB 
KQ228      2.7500  AB 
Q177       2.7500  AB 
Q190       2.7500  AB 
QS99-1059  2.7500  AB 
Q136       2.6250  AB 
Q155       2.6250  AB 
Q193       2.6250  AB 
Q205       2.6250  AB 
QS98-6040  2.6250  AB 
Q157       2.5000  AB 
Q167       2.5000  AB 
Q202       2.5000  AB 
Q210       2.5000  AB 
Q240       2.5000  AB 
BN81-1394  2.3750  AB 
CONCORD    2.3750  AB 
Q203       2.3750  AB 
BN83-3120  2.1250   B 
ESK        2.1250   B 
Q211       2.1250   B 
 
Alpha              0.05     Standard Error for Comp arison  0.3275 
Critical T Value  1.983     Critical Value for Comp arison  0.6494 
  
 
 
Assessment 3, 6th October – 106 DAT 

For the 6th October rating there was no statistically significant difference 
between clones (P=0.172) 
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Table 19 shows the average of the 3 assessments ranked in ascending order 
i.e. best to worst.                                       

 
Table 19. Average damage assessment ratings 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 19 and the statistical analysis show differences between varieties for 
cold room tolerance. The reliability of the ratings is the key to determining if 
artificial freeze testing can be used in the future for frost tolerance 
assessment. 

Assessment at 27 DAT showed that variety BN83-3120 was significantly 
better than 29 other varieties. BN83-3120 is known as the hardiest variety 
currently grown in NSW for frost so this rating has aligned very well with field 
experience. 
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However the presence of variety Q205 in the top 5 varieties in assessment 1 
(27 DAT) is an anomaly. Field experience in NSW has shown Q205 to 
perform very poorly under frost conditions. Looking at the top 10 ranked 
varieties for assessments 1 and 2 there are only 3 varieties common in both 
assessments, they are BN83-3120, Q203 and Concord. Both BN83-3120 and 
Q203 are major varieties in NSW comprising about 15% of the 2009 crop and 
both are known to have good frost tolerance.  

What is also important is to compare ratings derived from cold room testing 
with known field reaction to determine if ratings are providing a reliable 
measure of frost effects. This is shown in Table 20.  

                                       
Table 20. Ratings by known frost category 

 
 

The data in Table 20 show a relatively small and non-consistent degree of 
differentiation between the good, average and poor categories. 

Based on the statistical analysis and comparison of performance with known 
field reaction, cold room testing has shown some small degree of indication of 
variety performance under field frost conditions. However on the basis of the 
tests so far there is still uncertainty about the reliability of the rankings.  

Without significantly more work it would appear that cold room testing of 
varieties is not worth pursuing as an indicator of field frost tolerance.  

 
Plant Height 
Plant height was measured for plants that were cold room tested and for 
those plants that remained in the greenhouse. Measurements were taken on 
the 21 June 2010 just prior to cold room testing and 2.5 weeks after cold room 
testing on 15 July 2010.   

Data are shown in Table 21. 
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Table 21. Plant height (mm) before and after cold room testing  
 

 

In analysing plant height data, account was taken of the fact that the different 
varieties in the greenhouse and cold room treatments were different heights at 
the start of the experiment. Differences were examined between treatments 
(greenhouse only and cold room), varieties and treatment x variety interaction. 
The objective was to determine if the height of a variety depended on which 
treatment was applied to it.  

Findings: 

No differences between "treatment x variety". So the variety which has the 
largest height does not depend on whether it is the greenhouse only or cold 
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room treatment i.e. clones in the 2 treatments have similar reactions. If some 
clones reacted better to frost than others then the interaction should be 
different. 

 No differences in mean height for clones averaged over the 2 treatments 

There were differences in plant height between greenhouse only and cold 
room but this did not depend on which variety we are considering so this 
indicates that the technique is not providing a reliable method of determining 
variety performance in frost conditions. 
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Whole Stalk Testing 
Data from the 5 and 20 DAT assessments is shown in Tables 22 and 23 

 
Table 22. Eye and growing point damage assessment data at 5 DAT 
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Table 23. Eye and growing point damage assessment data at 20 DAT 

 
Overall there was a statistically significant effect of trash on the percentage of 
eye damage at both 5 DAT (P = 0.003) and 20 DAT (P = 0.001), Table 24.  As 
expected, retention of trash on the stalk resulted in a lower percentage of bud 
damage. This is an effect that is logical to see in a cold room situation but in 
the field often condensation during the night runs down the stalk and 
accumulates in the leaf sheath and freezes around the bud causing damage.  
There was little difference in the proportion of damaged eyes at the two 
assessment times of 5 and 20 DAT. 
 

Table 24.  Percent of damaged eyes at 5 and 20 days after cold room 
treatment. 

 
 
 
 
 
 
 
 
However there were no statistically significant effects for percent of damaged 
eyes, Table 25. 
 

Days after cold room treatment 
5 20 

Trash treatment 

Percent damaged eyes 
Trash 35.3% 33.4% 
No trash 48.8% 49.1% 
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Table 25.  Percent of damaged eyes for stalks with and without trash at 5 and 

20 days after cold room treatment. 
Trash retained No trash 

Days after cold room treatment 
5 20 5 20 

Variety 

Percent damaged eyes 
Empire 21.3 19.9 38.4 40.4 
RB72-454 22.1 27.9 35.9 43.8 
Q202 31.4 30.7 48.1 44.2 
BN-3120 33.2 35.8 50.4 48.7 
Q203 35.1 52.5 58.5 41.5 
Q136 39.6 32.2 62.8 64.5 
BN-3347 48.2 38.7 49.2 50.4 
BN-1394 52.3 30.0 47.3 59.4 
 NS 

P=0.103 
NS 
P=0.557 

NS 
P=0.194 

NS 
P=0.238 

 
The data was also analysed all together ignoring the trash or no trash 
treatments and at 5 DAT there was a significant effect but no significant effect 
at 20 DAT, Table 26.   
 

Table 26. Percent of damaged eyes for stalks at 5 and 20 days after cold 
room treatment. 

 
Days after cold room treatment Variety x trash 

5 20 
Q136 no trash 62.8 64.5 
Q203A no trash 58.5 41.5 
BN-1394 trash 52.3 30.0 
BN-3120 no 
trash 

50.4 59.4 

BN-3347 no 
trash 

49.2 50.4 

BN-3347 trash 48.2 38.7 
Q202A no trash 48.1 44.2 
BN-1394 no 
trash 

47.3 59.4 

Q136 trash 39.6 32.2 
Empire no trash 38.4 40.4 
RB72 no trash 35.9 43.8 
Q203A trash 35.1 41.5 
BN-3120 trash 33.2 35.8 
Q202A trash 31.4 30.7 
RB72 trash 22.1 27.9 
Empire trash 21.3 19.9 
 P = 0.009 

LSD = 19.1 
NS 
P=0.094 
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There are no statistically significant effects for growing point damage. 
 
The data in Tables 25 and 26 show that there were no little or no statistically 
significant differences between standard varieties through artificial freeze 
testing using whole stalk cane material. This result coupled with the data from 
previous trials further illustrates the difficulties in using artificial freeze testing 
to determine what varieties might perform well under field frost conditions. 

 

Intellectual Property and Confidentiality: 
Nothing in this report needs to be treated as confidential 

 

Capacity Building: 
This project has highlighted the ability of the NSW Farming Systems Group to 
tackle projects with significance to the sugar industry. This project has major 
significance to the industry as major losses to frost damage has occurred 
since 2007. While this project has not been successful in identifying a new 
method to identify frost tolerance it was definitely worth trying. 

 

Outcomes: 
While this project has not been successful in identifying a new method to 
identify frost tolerance it was definitely worth trying. Farmers have suffered 
severe financial hardship since the big frost in 2007 and were encouraging 
agricultural staff in NSW to continually look at new varieties or ways to identify 
what current varieties are frost tolerant. Overseas literature suggested that 
these techniques had been tried in cereal crops and is sugarcane so this 
project was developed and implemented. 

Further work may be able to refine the techniques but at this stage it’s not 
reliable enough to use in recommendations to farmers on frost tolerance. 

 

Environmental Impact: 
Nil 

 

Communication and Adoption of Outputs:  

On May 24th and 25th 2010 information and results were presented to 110 
farmers at two Broadwater mill area breakfast meetings. Information was also 
presented to Harwood and Condong farmers at local productivity group shed 
meetings. Because no field trials were planted there was no farm walks 
conducted, as was the original plan.  
The final report will be put on the NSW Sugar Milling Co-operative’s website. 
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Recommendations:  

Further detailed work may be able to identify a testing method that will provide 
a guide to the frost tolerance of a new variety but this was outside the scope 
of the Grower Group project.  
Work by the BSES/CSIRO plant improvement on frost tolerance is 
encouraged. There would appear to be scope for the introgression of foreign 
varieties that grow at elevation or higher latitudes into the Australian program 
either by conventional breeding or by gene technology. 

Publications: 
Nil 

 


