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The Unit is pleased to present our first issue of the Research Update. This replaces our publication “Variety Update” which provided the results of the annual variety yield census and generally focused on sugar cane variety performance. This new bulletin reflects the wider research and extension scope of the Unit and we hope that farmers will find this production useful and informative.
The sugar industry continued its downward slide in 2014. Economic constraints have negatively impacted production and, even more so, the morale and enthusiasm of the farmers.  Sugar cane is the most suitable crop for Barbados, hence it is the backbone of a future diversified agricultural industry and ultimately national food security. The collective experience and technical know-how towards achieving expanded and more efficient production exists: the industry can make a turnaround if all the stakeholders work together to overcome the current obstacles and create a viable future. 
ARVTU stands committed to strengthen its supportive technical role to contribute towards improving yield and reducing production costs. Sustaining the sugar industry is important not only to those who work in it and are dependent upon it for a livelihood but generally for sustaining the agricultural potential of our soils and keeping Barbados environmentally aesthetic. Once we solve the issues we can do it!
Sandra R. Bellamy, PhD (UWI)

Unit Head
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The 2014 harvest was a unique one. It started at the end of March (the latest time ever in our history), and operated with only Portvale Factory after Andrews closed. It suffered a major workers strike which shut down harvest for approximately two weeks; was plagued with a higher number of cane fires and suffered from a severe drought. The drought along with the lateness of the harvest impacted on yields as canes (especially first crop canes) dried out and started to rot. Consequently, the yield for the 2014 crop, though better than in 2013, would have been higher if the harvest had started earlier. The average tonnes of cane to produce a tonne of sugar (tcts) was 10.14, slightly better than the average over the last five years. 
The production data for 2014 is indicated in the table below which also lists comparative data for previous years. 
	Industry dataPRIVATE 
	2010
	2011
	2012
	2013
	2014

	Total acres harvested
	13,856
	13,645
	12,267
	10,649
	10,220

	Average tonnes cane/acre
	18.63
	20.92
	21.08
	16.25
	15.62

	Tonnes sugar, 96( pol
	25,024
	27,060
	24,526
	17,423
	15,545

	Average tcts ratio
	10.32
	12.13
	10.54
	9.93
	10.14

	Average tonnes sugar/acre
	1.81
	1.72
	2.00
	1.64
	1.52


The acreage under cane continues to decline. In 2014, the acreage harvested was 429 acres less than that harvested in 2013. The independent farms harvested 4907 acres while BAMC harvested 5,274 acres. 40 acres were harvested by small farmers.

The level and efficiency of production in 2014 was certainly not sustainable and a concerted effort must be made by all growers to increase yields if the continuation of a sugar industry in Barbados is to be a viable option for the future. 
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	PRIVATE Variety
	Percent acres

	
	2010
	2011
	2012
	2013
	2014

	B62163
	1.2
	1.7
	1.9
	1.9
	1.6

	B63118
	1.3
	1.5
	1.9
	1.6
	2.0

	B71383
	1.1
	1.5
	1.2
	0.9
	0.3

	B74541
	3.7
	4.8
	4.0
	4.1
	1.6

	B77602
	
	
	1.4
	1.4
	0.2

	B78436
	5.6
	1.7
	4.9
	4.5
	3.2

	B79474
	1.7
	2.1
	1.8
	1.9
	1.4

	B80251
	5.6
	1.7
	1.4
	1.0
	1.0

	B80689
	5.6
	7.3
	5.7
	5.4
	6.8

	B82238
	32.1
	34.7
	31.4
	28.3
	27.9

	B85877
	1.7
	2.1
	1.7
	1.8
	1.2

	B881607
	4.0
	2.8
	3.0
	2.4
	2.3

	B89132
	6.3
	5.6
	4.2
	3.6
	2.6

	B89447
	16.0
	18.8
	17.8
	17.7
	16.9

	B89640
	
	
	
	1.2
	1.3

	B901227
	
	1.3
	2.4
	2.6
	4.2

	B90698
	
	
	
	
	1.0

	B97389
	
	
	
	
	0.8

	B97813
	
	
	
	
	0.4

	B9840
	
	
	
	1.8
	3.7

	B98235
	
	0.9
	2.3
	3.0
	4.3

	B99907
	
	1.0
	1.5
	2.2
	1.1

	Mixed fields
	7.6
	8.5
	8.3
	10.1
	12.2

	Others
	4.8
	3.2
	4.1
	2.6
	0.6


These percentages above are calculated from the 2014 Variety Yield Census which collected data from 7894.42 acres or 75% of the total acreage harvested in 2014.
[image: image16.png]Variety Testing Stages

Descriplion Aprox# Years
in smge E\sted

First year seedlings
2 Clonal rows 2,000 15
3 Prefiminary yield trial 150 - 200 15
4 Advanced yield trials 17-24 45
5 Commercial strip trials -6 25
6 Farmer evaluation 1-6 25

135



The average yield calculated from the census was 16.51 tc/a. Average yields for each variety/rotation combination were determined for the low, intermediate and high rainfall areas and also over all areas. Data tables for these are listed in appendices 1 to 4. The following tables give summaries of the yield of the main varieties (over 5%) for plant cane (PC) and ratoon crops (R1-R4) in the rainfall areas.
Low Rainfall Area: Yields (tc/a) for main varieties

	Variety
	% acres
	PC
	R1
	R2
	R3
	R4+
	Average

	B63118
	9.4
	22.18
	11.17
	10.79
	8.33
	-
	11.57

	B80689
	8.8
	13.32
	10.81
	11.27
	11.27
	-
	11.78

	B82238
	13.5
	-
	-
	11.47
	10.57
	6.49
	8.65

	B89447
	24.5
	30.12
	17.00
	14.30
	11.42
	11.00
	16.35

	Area
	
	21.57
	14.01
	11.00
	10.18
	7.54
	12.95


Intermediate Rainfall Area : Yields (tc/a) for main varieties
	Variety
	% acres
	PC
	R1
	R2
	R3
	R4+
	Average

	B80689
	5.6
	25.64
	12.49
	13.12
	13.05
	12.80
	21.00

	B82238
	26.7
	26.62
	18.30
	12.14
	12.47
	11.42
	15.62

	B89447
	19.2
	25.16
	16.38
	15.64
	13.46
	12.23
	17.67

	B9840
	6.1
	20.20
	13.33
	13.49
	19.44
	-
	14.94

	B98235
	4.8
	-
	27.39
	20.07
	20.30
	22.33
	21.57

	Area
	
	24.51
	16.91
	14.69
	13.51
	12.55
	17.05


High Rainfall Area:Yields (tc/a) for main varieties

	Variety
	% acres
	PC
	R1
	R2
	R3
	R4+
	Average

	B80689
	7.5
	21.00
	14.92
	17.09
	12.13
	-
	17.47

	B82238
	32.3
	27.30
	21.10
	13.02
	10.78
	9.84
	16.89

	B89447
	12.7
	22.15
	13.97
	12.50
	12.75
	12.10
	13.95

	B901227
	4.5
	23.10
	15.85
	13.79
	8.14
	-
	16.43

	B98235
	4.8
	26.73
	18.83
	20.47
	17.94
	13.80
	21.80

	Area
	
	23.77
	18.05
	14.74
	12.97
	11.11
	16.76


The yields above do not represent the genetic potential of the varieties or the production capacity of our soils. They reflect all the constraints that the industry is presently faced with.  This was further negatively affected by the late start of the 2014 crop which was compounded by a very dry period.  In many instances, plant cane or first crop, which should be harvested between 16-18 months, was harvested at 20 plus months. This late harvest reduced yield as the cane started to rot after its peak maturity was achieved. 

Sugar yield depends on cane tonnage, sugar content and finally cane quality. It is important that the cane is harvested at the most suitable time when the economic optimum of recoverable sugar per area is reached. Harvesting over-aged cane leads to loss in cane yield, sugar recovery, poor juice quality and problems in milling due to higher extraneous matter.
Of concern are the low ratoon yields. Though management factors may be contributory, Ratoon Stunting Disease and reduced soil fertility are also factors to consider and to rectify in the future. 
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Yvonne Samuel
Sugar production costs per acre have risen dramatically over the past several years while the market price for raw sugar has decreased. As sugarcane production costs per acre increases, farmers must minimize production costs per unit of output as much as possible to help ensure their profitability. Although many factors can affect per-unit production costs, the single greatest factor is sugar yield per acre. For this reason having a viable sugarcane variety-development program has been and will continue to be important for the industry. 
Two factors affect the sugar yield per acre of sugarcane produced: tons of cane per acre and quantity of sugar per ton of cane. One of major goals of the sugarcane Variety Development Programme at the ARVTU is to develop sugarcane varieties that have high tonnage as well as high sugar content.
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Selection of new varieties is a long process that takes 13.5 years of evaluation before a variety is identified as possessing commercial potential. A new series of 30,000 seedlings is added to the programme each year and each series passes through 6 stages of assessments until the best varieties are identified for release to farmers. At any time, several series are being evaluated over the various stages. 

The following is a brief on the work done in the Variety Testing programme at the ARVTU during 2014.
Stage 1 – B15 and B16 series
Family Assessment Trials: 
· B15 series – 192 new families/crosses of the B15 series were tested - each family was represented by 40 – 65 seedlings (depending on survival after transplant) which were planted in 4 row plots in July 2013. One stalk from each stool (genotype) in a family was collected to make composite bundles for assessment of quality (Q) and fiber by Near Infra Red analysis (aprox 800 family bundles were collected for assessment of juice quality (Q) and fiber (F) by NIR analysis in the 2014 crop. 
Family plots were harvested and weighed to determine weight/seedling (Y). Based on the data collected, the most elite families (highest Y and Q) have been ordered from the West Indies Central Cane Breeding Station. This 2015 seeding population is expected to be planted in June 2015. 

· B16 series – family plots for a further 150 new crosses (bred in 2013 crossing season) were established in July 2014. These will be assessed as above in the 2015 crop.

Seedling population for selection:
· Seedlings (20,000) of the B15 series which were established from elite crosses in 2013 were inspected in April 2014 (9 months old).  2,036 clones were selected and 20 plants of each were established in a nursery for transfer to the field trial which was planted during July 2014.

· A new population of seedlings (B16 series) was planted in July 2014 for the selection process in March 2015.
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Stage 2 – B14 and 15 series 

· The 2,036 clones selected from the B15 stage 1 seedlings (see above) were transferred from the nursery to the stage 2 trial during July 2014.
· 1700 clones from the B 14 series were tested for juice quality during the 2014 crop. 5 stalks (one each from 5 different plants) were cut to make a sample bundle for assessment of Q and F by NIR analysis. A sample bundle of the standard varieties was also tested for comparison (1standard:10 clones). The clones which showed an acceptable Q and F were reviewed for ratoon yield and other agronomic traits in November 2014. 
Stage 3 - B12, 13 and 14 series 

· 144 varieties from the B14 series were selected from stage 2 above for promotion to stage 3 .A new trial was planted in November 2014.
· 161 varieties from the B13 series which were planted in November 2013 will be assessed for yield and quality during the 2015 crop.
· 200 varieties of the B12 series were assessed for yield and quality during the 2014 crop. 18 varieties were selected for promotion to stage 4.

Stage 4 – B07- B12 series 

Stage 4 involves assessment covering all ratoons. Hence several series, each with 18-24 varieties are currently being evaluated. The B12 series stage 4 trial was established in November 2014 for first harvest during the 2016 crop. The B10 and 11 series were planted in November 2013 and will be harvested as first crop during the 2015 crop. The B09, 08 and 07 series will be assessed in the 2015 crop as first, second and third ratoons respectively.
Stage 5 – B00 - B06 series 

Promising varieties from several series are being evaluated in strip trials for possible release to farmers (Stage 6) when sufficient credible data is obtained. The challenges of the 2014 crop impacted negatively on variety assessment e.g. the late start of the crop and the dependence on truck haulage to the single Portvale Factory derailed the variety harvest schedule. Plant canes trials are due to be harvested by mid-March for best assessment. The late harvest (May/June) caused the canes to become dried and rotten thus making it difficult to properly assess the varieties for their true yield and quality potential. Consequently, no 2014 variety trial data is presented in this issue.
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	Rainfall Area
	Soil type
	Recommended Varieties

	Low
	Shallow
	B63118   B78436    B881607

	
	Deep
	B63118   B78436    B82238     B89132    B89447       B98235   B881607

	Intermediate
	Shallow
	B78436   B881607  B89132

	
	Deep
	B74541   B77602    B80689     B82238    B881607

B89132   B89447    B901227   B98235   B99907

	
	Bulkeley

Valley
	B74541    B82238    B881607  B89132     B89447 

B901227  B98235    B99907

	
	Sands
	B80689     B881607

	High
	Shallow
	B79474    B80251    B80689    B82238     B881607

B98235    B99907

	
	Deep
	B62163    B79474     B80251    B80689     B82238

B85877    B881607   B89447    B901227   B98235    B99907


Forcing back planting: B80251, B82238 and B89447 are recommended varieties.  New varieties should also be tried in small areas.
· Every effort should be made to ensure that only pure stands of the recommended varieties are planted and good plant populations are established. 
· Planting material should only be obtained from material which shows no pests or diseases symptoms. It is best to establish nurseries as the source of planting material.
· There is always the possibility that a new disease or pest problem could surface in the future to which some of our local varieties might be susceptible. Having a range of genetic variability offers some insurance against disease impact. It is therefore highly recommended that growers should plant as wide a range of varieties as possible on their farms and ensure that the total acreage under any one variety does not exceed 25 percent.
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Jason Gibson
A change in cultural practices over the years may have affected the ecosystems of the sugar cane growing soils across the island and hence reduced soil fertility may be contributing to lower yields. Soil rejuvenation and improved plant nutrition are two important aspects of ARVTU’s research portfolio.
Soil rejuvenation
BEST TM21 (TM Agricultural) is an organic soil rejuvenator/bio-stimulant that stimulates the repopulation of indigenous microbes in the soil. Benefits of increased microbial activity in the soil are:
· Improved soil aeration, organic matter, soil carbon and nitrogen efficiency.
· Better lodge resistance because of the thicker stems.

· Less disease and insect problems because of healthier plants.

· Higher efficiency in the use of nitrogen and phosphorus may result in a decrease in inorganic fertilizer rates.
ARVTU conducted trials on six BAMC farms (35 acres treated compared with 35 acres untreated).  A positive yield response to the BEST TM21 was obtained at all six farms in the plant cane crop of 2013. The product was applied to the ratoon cane in three of the six trials to determine if a second treatment would further increase yield. The remaining three trials were left untreated to see if the plant cane treatment registered a yield increase in the subsequent ratoon crop. The yields obtained in the 2014 ratoon crop are shown in the table below

Table 1: Effect of BEST TM21 on cane yield in the first ratoon crop

	Trial
	Applied to
	Average TCA Treated 
Strips
	Average 
TCA Untreated Strips
	% yield difference in R1- 2014
	% yield
difference
in PC - 2013

	Edgecumbe
	PC & R1
	18.7
	15.5
	+20.6
	+23.9

	Rock Hall
	PC & R1
	19.5
	16.8
	+16.1
	+10.0

	Broomefield
	PC & R1
	17.3
	11.8
	+46.6
	+16.5

	Three Houses
	PC only
	24.8
	19.5
	+5.3
	+7.6

	Redland
	PC only
	23.8
	18.5
	+28.6
	+16.6

	Constant
	PC only
	-
	-
	No data
	+11.4

	Edgecumbe
	FC
	17.5
	18.5
	-5.4
	 


All the trials harvested showed a positive yield response to Best TM21. A second application to the ratoons was particularly effective at Broomfield. Considering the results of these trials, the industry should apply BEST TM21 to start the rehabilitation of the soils and to improve the effective uptake of expensive inorganic fertilizers.
Soil Fertility analysis of Barbados soils
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Thirty seven soil samples representative of all the soil types found in Barbados were analysed at the UWI St. Augustine Campus for various nutrient and fertility indices.
The percent organic matter in the agricultural soils was found to be much lower when compared to that of soils which are not under farming i.e. 30, 80 and 100. The average percent organic matter, nitrogen and phosphorous content for each soil group are shown below.

Table 2: The average percent organic matter, nitrogen and phosphorous content for the various soil groups in Barbados
	Soil Group
	Soil Association
	% Organic Matter
	%Nitrogen
	%Available Phosphorous

	10
	St. Philip Plain
	1.87
	0.040
	0.07

	20
	St George Valley
	1.70
	0.026
	0.08

	30
	Black
	3.21
	0.042
	0.07

	40
	Grey Brown
	1.70
	0.039
	0.08

	50
	Yellow Brown
	2.65
	0.029
	0.03

	60
	Red Brown
	2.97
	0.041
	0.09

	70
	Red Sand
	0.96
	0.038
	0.04

	80
	Coastal
	2.43
	0.043
	0.06

	100
	Scotland District
	3.40
	0.042
	0.05


The Fertility Index (F) and Cation Exchange Capacity (CEC) of the various soil types were determined based on the analysis. The results for the soil analyses in 2014 (F1 and CEC 1) are shown in Figure 1 and are compared with measurements done in a similar study 20 years ago (F2 and CEC 2) by Dr. Harold Gibbs. Both F and CEC are currently much lower than the results from 20 years ago. This indicates a considerable change in the nutrient holding and exchange capacity of our soils today which must be impacting on yield and the inefficient uptake of expensive inorganic fertilizers which are applied to cane fields.
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Figure 1:  Comparison of the Fertility Index and Cation Exchange Capacity measured in 2014 (F1 and CEC 1) with measurements done in a similar study 20 years ago (F2 and CEC 2).

Work is continuing with the soil leaching experiments to determine the nutrient holding capacity of the various soils. The results of these experiments will indicate appropriate soil specific fertiliser regimes to be used on sugar cane farms. Trials will be established to measure the effect of these new fertiliser rates on yield in comparison to the standard dressing used across the industry. 
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Sandra Bellamy and Ferdinand Worrell
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Moth Borer damage reduces yield in the Barbados sugar cane industry as field infestation levels have risen to the Economic Threshold Level (5%). 

The ARVTU re-introduced a Biological Control Programme in March 2012 as part of an Integrated Pest Management system to control the Moth Borer pest.  The parasitoid wasp Cotesia flavipes (Cameron) native to South East Asia is used to control the Moth Borer. This wasp is bred in the laboratory and released into cane fields to augment natural populations. Over 15,000 parasites have been released to date – a similar output as obtained when CARDI operated a similar Programme. 
Pest damage:
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The larval form of the Moth Borer tunnels into the cane stalks during the early part of cane growth killing the growing point i.e. forming a “dead heart” (as shown at right and ultimately the plant. This leads to gaps in the field and yield losses since it affects the plant stand per acre. 
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In mature canes, the larvae make tunnels in the stalk thus opening the interior of the stalk to bacterial and fungal infections which can reduce sugar yield. The quantity and purity of juice is reduced such that sucrose yield may be decreased by10 - 20%.  When seed cane is attacked, the tunneling by borers and resulting fungal infection also reduces its germination potential when it is used as planting material. 
The 2014 Infestation Survey

While mini surveys were conducted in 2010 and 2011, a complete island wide survey was not carried out since 2005. Therefore, the primary objective of the 2014 industry survey was to measure the level of infestation across the entire industry so as to provide a current status of actual damage. The survey also identified geographical areas and farms where infestation was highest and pointed to where future releases of parasites should be targeted. It also provided a measure of infestation for: the various commercial varieties and the various crops i.e PC, FB and ratoons.
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The 2014 survey sampled 1004.75 acres (10% of the 2014 crop). This was considered a reasonable sample size to obtain a good estimate of the extent of damage (Margin of error at 95% confidence = 2.94%). The sample team visited farms in all areas. To facilitate sampling, the assessment of damage was carried out in fields being mechanically harvested at the time of the visit. 
For each field, the variety, crop cycle and field size were recorded. The team collected 200 stalks from the length of selected rows across the field after the harvester made its pass.  The total number of internodes and the number of internodes with borer damage were counted and recorded for each stalk. The infestation level for the field was computed as a percentage of the damaged internodes from among the total internodes from the sample of 200 stalks.
The average percent infestation across the industry was: 
4.7 ± 0.1382% at 95% confidence level
(NB. the Economic Threshold Level (ETL) for Moth Borer is 5%). 
The incidence in some varieties was higher than others and infestation in plant cane (PC) and forced back (FB) was generally higher than in ratoons. The tables which follow showed the average infestation for the various commercial varieties.
 Not enough time has elapsed since the Biological Control Programme was introduced in 2012 to have a significant impact on the infestation level in 2014. However, some farms which registered high levels in the 2011 mini survey have shown a decrease in infestation.
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The ARVTU lab output is small relative to the level of infestation. Previously, when CARDI operated a similar sized lab, it took from 1994 to 2005 to reduce the level from above ETL of 5 % to 1.5%. 
We have to give this Programme more time to show its effectiveness.
Moth Borer is spread by planting infested material!
Our attempts to control the Moth Borer could be hindered by further spread through infected material. There must be an Integrated Pest Management Approach which, along with the Biological Control Programme, must also include:
· Planting resistant varieties in areas where infestation is high.
· Planting borer-free seed material.
 The establishment of nurseries using Hot Water Treated planting material will also assist in control as the hot water will kill any larvae found in the planting material. 
An inverse relationship between rainfall and borer abundance has been reported in other industries e.g Louisiana and Puerto Rico. Heavy rainfall appears to depress borer survival. If there is heavy rainfall while the Moth Borers are dispersing, they are washed from the plants and will not survive. It is possible that the dry conditions in 2014 could have caused a spike in the borer populations. 
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Sandra Bellamy and Ferdinand Worrell

Cane losses during harvesting could represent a major economic cost to the industry.[image: image34.jpg]


 Mechanical harvest must be managed to insure the greatest efficiency at retrieving the highest yield from each field. As such, cane losses should be quantified at harvest to measure the operational efficiency of the harvester. ARVTU conducted a random survey of yield loss over the 2014 crop for a number of harvesters across both BAMC and private farms.
How efficient is the harvester?

This can be measured by the amount of cane left back in field and categorized as follows:

· Whole stalks - Cane that is cut (at the base) by the harvester but not removed and cane that is leveled by the harvester or tractor but not cut from the field. Loss due to: unsuitable field layout or cane growth outside of the cane ridge.
· Damaged cane pieces – These are pieces that did not pass through the harvester but were broken off during the harvesting process. Loss due to: Harvester going too fast, cane that is dried out or cane harvested from a brittle variety.

· Billets - Cane that passes through the harvester and is cut into smaller pieces. Loss due to: Basket over load, inadequate alignment of harvester and bin or bins loaded too full which results in spillage.
· Shredded cane - Cane that is shredded during the cutting process and then blown out of the harvester along with the trash and debris. Loss due to: chopping blades not sharp enough so that cane is shredded rather than chopped into whole billets.
· Top internodes - Internodes attached to the coot. Loss due to: uneven cane height, lodging or the harvester topper set too low.
· High stumps - Cane remaining on the stump. Loss due to: insufficient lowering of base cutter blades and non-uniform ridge height.
Each category represents an efficiency factor of the harvester, operator competency, field preparation and the variety planted which needs to be managed. Some of the issues that must be avoided are:
· Harvester going too fast.
· Badly adjusted power knock down roller.
· Blunt base cutter blades.
· Wrong base cutter angle.
· Base cutter set too high.
· Blunt chopper blades.
· Chopper deflector plate requires adjustment.
· Primary extractor set too fast.
· Elevator chains need adjusting.
· Inadequate cultivation of the field.
· Unsuitable variety.
· Badly lodged cane.
2014 Harvester Loss Assessment
Most of the industry’s harvesters (both on private farms and BAMC) were assessed on two occasions during the 2014 harvest. Five sample stations (quadrats), each measuring 3m X 3m or 9 sq m (0.002 acres) were marked at each field. The sample stations were randomly selected across the diagonal of the field from the front left corner to right back corner. The cane material left within the quadrat were collected and separated into the categories listed in the table below as loss indicators. The various categories of harvestable cane were weighed and the loss computed to lost yield (tca) and then percent loss for the field (see table below).
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373 acres were sampled in the study with an average loss of 3.72 tca. There was greater harvester operational efficiency at the private farms: the average among these was 2.31 tca compared to 4.24 tca on BAMC farms. If a 3.72tca loss is consistent over the whole industry then 10,000 acres would lose 37,200 tonnes of cane. At 10 tc/ts: then 3,720 tonnes of sugar would be lost.  In 2014, Barbados was paid E.U $420.00 per tonne for raw bulk sugar multiplied by the bilateral exchange rate of 2.54085. This translated into a price of Bds$1067.16. Therefore revenue loss from the 3720 tonnes of sugar would be an astronomical Bds $3,969,835.20.
Conclusion

Cane loss from mechanical harvest is too high! The majority of loss was due to spilled billets, shredding, pieces and whole canes indicating that more care is required during harvesting. To reduce the high loss, harvesting personnel should:
· Not go too fast.
· Not overload the basket.
· Consistently align the harvester with the bin.
· Not fill bins too high.
· Keep harvester knives sharp to avoid shredding.
Recommendations

· Maintain the harvesters in good working order by keeping base cutter and chopper blades sharp.
· Maintain an efficient forward speed during harvest: the higher the speed the higher the loss.
· Invest in adequate training for harvester operators.
· Ensure each harvesting team has set targets and standards.
· Applaud good practices and address bad practices immediately. 

· Remove obstacles from fields; stones, vines etc. 

· Maintain uniform ridge spacing and height.
· Remove unnecessary drains.
· Consider the implementation of production incentives as is done in Jamaica. 

· Scrapping may be a justified expense in some fields.
· Consider acknowledgement of the harvester operator with the highest tonnage and lowest loss with the “King of the Crop” title during the Crop Over Festival. After all over 98% of our industry is mechanically harvested and there may well be more harvester operators employed in the industry than they are manual cane cutters.
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Sandra Bellamy and Ferdinand Worrell
The Hot Water Treatment Plant was installed in October 2013. 208,000 plants were treated up to mid-November when the plant blew a fuse which could not be sourced locally. 

The operation of the plant was limited to only four days per week (Tues – Thurs) as the farms were cutting the material on  Mondays, hence no supply of material was available to be treated. Treatment on Fridays would have meant that material would have to wait unti the following Monday before being planted in the fields. This reduced time restricted the quantity of material that we were able to treat for the planting season.
After this first experience, we also recognized that there were some logistics of the plant’s operation that needed to be adjusted or improved e.g
· Some planting material which was brought to the plant was of inferior quality notably:

- damaged eyes


- heavy moth borer damage


- high percentage of rooted bottom plants 


- material showing signs of rot – not freshly cut

· Farm equipment tied up - Large quantities of plants per farm required two carts – one to bring the plants and one to load the treated material as it was lifted from the plant. 

· Strain on ARVTU to staff the operation of the plant for such a prolonged time. Overtime was required!

· A few breakdowns in communication- re bookings and the time that plants arrived.

· Dirty planting material (trash and mud) posed problems for the plant and resulted in the breakdown. This required new electrical parts to be ordered from South Africa.

Having had our first experience operating the plant we are now better able to provide more specific guidelines to farms to correct these issues and allow for a more efficient operation in the future.  The following guidelines are now in place:

1. Each farm is limited to material to establish one acre per booking. This will allow us to accommodate more than one farm per day. With the smaller quantity, the same cart that brought the plants can be used to reload the treated material avoiding a two cart system. This quantity of cane can also be transported in a single cab pickup.
2. After-hours treatment is possible but the farm would have to pay the overtime of ARVTU employees.
3. ARVTU will reject any material which it deems to be of substandard quality as there is no point to go through the process of HWT if the germination potential of the material is low before the start of treatment. ARVTU will also refuse to treat any dirty planting material. This is in the interest of protecting the electrical components of the plant and preventing expensive repairs again.
4. Two–eye planting pieces will no longer be accommodated. Low germination experienced by some farms is likely due to bud damage occurring during the extra handling and possibly from having the baskets covered in mesh wire to accommodate them. The holding baskets in the HWT plant were NOT designed to accommodate small two-eye cane plants. Since the farmers requested the treatment of two-eye plants, ARVTU lined the baskets with mesh wire to facilitate this. This wire could have caused damage during filling and especially after emptying when the eyes were soft. To avoid this damage factor, the wire was removed. 

Farmers are now asked to send material that is cut into 18- 36 in lengths so that they will not fall out of the basket.
Guidelines for Establishment of nurseries on farms

· Care must be taken when handling plants after the treatment to keep bud damage to a minimum. Hot Water Treatment does NOT reduce the physiological germination potential of buds but the immersion of plants in hot water will soften bud tissue thus making them more vulnerable to forms of mechanical damage.  Hot Water Treatment is known to enhance germination in billets having more than two buds by removing the apical dominance effect. However, 
· The soil must have good tilth to provide the optimum conditions for germination.
· Plants should be covered with 3-4 inches of refined soil with light pressing.

· The nursery should be well maintained at all times ensuring no competition from weeds and rogueing to remove any volunteer plants. 

· If possible, the nursery should be irrigated if conditions become dry.

· The project offers a $1000/acre rebate once the nursery is successfully established and is in good condition. The purpose of the rebate is to allow the farmers the means to take the extra care to ensure success. The ARVTU Agricultural Officer will inspect the nursery and indicate qualification for payment of the rebate.

The establishment of heathy disease free commercial fields must be a priority if we ae to increase yield.

Sandra Bellamy and Anderson Eversley 

Declining soil fertility is a fragile base on which to build expectations for increased crop production. Soil depletion occurs when the biological and chemical components which contribute to fertility are removed and are not replaced. Another aspect of soil depletion is the altering of the physical soil structure which supports microbial life. This leads to poor nutrient availability and lower crop yields. We must ensure that our agricultural activities do not deplete the soil in the long term. One activity that can degrade our soils is excessive tillage.


Depletion can be caused by excessive cultivation and also by inadequate cultivation practices. The ratoon cycle in Barbados is now shorter, which means we are cultivating our fields more often. In addition to this, our timing is off sometimes such that fields are cultivated at unsuitable times and planted before the soil settles enough after the cultivation. This will contribute to a degradation of the soil such that it:
· Becomes more acidic.
· Has a lower cation exchange capacity.
Has less micronutrients e.g copper and zinc.
· Has less microbial biomass.
· Has a lower infiltration and water holding capacity.
· Supports more soil pathogens
Negative consequences of excessive tillage
1. Tillage alters natural soil structure which can limit the natural functioning of the soil ecosystem. Aspects of soil structure affected by excessive tillage are:
· Porosity – this affects aeration, water storage capacity, plant wilting point and drainage.
· Permeability – This affects infiltration, drainage and respiration. 
· Bonding and aggregation – which affects how the solids group together and how the construction materials are used.
· Soil strength – which affects the toughness and resilience of individual soil structures (peds).
· Friability and traffic ability – which affects how soils will behave and respond to various field operations – compaction,
2. Tillage can cause compaction of soil below the depth of tillage which results in the formation of a tillage pan. If tillage destroys soil structure by breaking up the soil pores, then future operations will compact the soil by squeezing out the pore spaces between the soil aggregates. 
3. Tillage can cause crusting of soil when it is followed by rain, stimulating weed seed germination and inhibiting crop emergence.

If soils are poorly aggregated after tillage, rain will cause loose clay particles on the soil surface to disperse and clog the pore spaces immediately beneath the surface. 
4. Tillage causes increased susceptibility to water and wind erosion. Topsoil is the capital reserve of every farm. Since mankind started agriculture, erosion has been the single largest threat to the soil's productivity and consequently, the profitability of the farm. Any time the soil is tilled and left bare it is susceptible to erosion.
5. Tillage destroys the habitat of soil organisms and hence reduces the biological life in the soil. As with cattle and other farm animals, soil livestock require accommodation and proper feed. Ultimately, maintaining soil structure (spaces for organisms to live in) and building organic matter and humus in the soil is a matter of managing the living organisms in the soil and ultimately benefiting from their activity in nutrient cycling etc.

Minimum tillage (e.g Strip tillage) 
Strip tillage is better for the soil than conventional full tillage since it reduces residue incorporation and aggregate degradation, will conserve and/or maintain soil organic C and N and will increase microbial biomass. Sugar industries all over the world have recognized this and have reverted to some form of minimum tillage.

Strip tillage combines the benefits of conventional tillage with the soil-protecting advantages of no-till by disturbing only the portion of the soil that is to contain the cane row. It involves planting crops directly into residue that has been tilled only in narrow strips with the rest of the field left untilled. A form of strip tillage was developed for the Barbados Industry by H deBoer. He recommended a version that tilled the inter-row (between old rows of cane) rather than within the rows of old cane as is the normal practice. This was because tillage within the row of cane stumps proved difficult since we do not have a long fallow period for the standing cane stumps to decay.
Advantages of strip tillage

· Compared to full tillage, strip tillage saves time and money.

· It reduces the number of passes through a field thus reducing soil compaction. 
· It conserves more soil moisture compared to full tillage systems. 
· It does not disturb the natural habitats of soil organisms as much as full tillage does.
· When oxygen is introduced into the soil via full tillage, the decomposition of organic matter is accelerated. It is better to have a gradual decomposition as in natural soils and strip tillage facilitates this.

· Carbon, nitrogen, and phosphorus are expected to be higher in a strip till system than conventional till systems.

· Some of the soil surface is protected with residue thus reducing erosion.

The recommendation to use strip tillage was made over twenty years ago yet farmers are slow to adopt it and there is an obvious bias towards the use of full cultivation. ARVTU carried out a survey to ascertain why. Following are some of the reasons farmers gave as to why they have not adopted it.
1. They don’t like how fields “look” after strip tillage is done.
2. Strip tillage equipment is not available.
3. Ratoon yields decline using strip tillage. 
4. Some say it is NOT a cheaper method.
5. Causes more weed problems.
There is no evidence that strip tillage reduces ratoon yield. The research by H de Boer did not indicate reduced yields in ratoons. One farm that routinely does strip tillage has 5th plus ratoons which are in good condition. Besides, ratooning in conventional tillage also declined so there must be other factors causing ratoon decline e.g Ratoon Stunting Disease which we have ignored for many years now.
A negative impact on yield is not consistent with the benefits which strip tillage  brings to the soil. We need to review our tillage practices to ensure the integrity and productive capacity of our soil remains intact for future production. If we have to plough out fields earlier (more often) than before then we will eventually damage the soil structure and will also increase erosion. We need to manage this vital and basic resource very carefully, respecting its complexity with the need to maintain a structural, chemical and biological balance.

Strip tillage method.






.


Mervin Marshall
The Barbados sugar industry currently faces critical economic challenges from several sources, all of which will have a significant impact on the survival of the industry. The sugarcane industry is very important to the economic, social and environmental well-being of Barbados.  For the industry to survive, urgent attention must be given to significantly increasing the production, productivity and profitability of its raw material, sugarcane. 

Productivity has declined with some possible reasons being:

· Lack of resources- financial, human and equipment.
· Poor quality operations.
· Poor planning and timing of operations.
· Pests and disease.
· Lower soil fertility.
· Low morale and lack of confidence.
Can we overcome all these issues and achieve a sustainable industry? We can…. if sound farm business management practices and the best agronomic husbandry are immediately put into effect!

Planning is the most fundamental and important part of farm management. It is difficult to make the right decision unless first some plan has been formulated specifying the overall direction of the farm business operation. This plan is highly dependent on the farm’s overall short-term and long-term goals. Once a plan for the coming year has been defined, it must be implemented. 

Implementation involves acquiring the necessary resources and materials and applying them in a timely manner according to the best agronomic standards and there after monitoring production results and taking corrective action if necessary. Effective monitoring will ensure that the overall plan is being followed and will produce the desired results. 
Good farm management can be successful with high-quality record keeping. Individual field records must be kept with the farmer regularly evaluating what needs to be done for each field so as to maintain the best agronomic practices to realize the highest yield. These observations must be recorded and carried out along with the correct timing of the actions which are required. The following suggests the headings that should be recorded for each field.
· Field Name:

· Acres

· Variety

· Crop Cycle

· Date planted or last reaped

· TCA last crop

· Current field conditions
· Action required with scheduled dates.
It is time to take agriculture into the computer technology age by using computer systems and farm application software as management tools. This is especially needed for large farms where it can be a challenge to mentally  keep track of what needs to be done in the many fields.  Imagine a farmer checking his smart phone for which fields need to be sprayed the next day or having his computer software immediately calculate his fertilizer needs and advise him/her on the correct application time. 

Technology will aid planning and ultimately improve management. It is time we embrace it and use it to our advantage.  

Anderson E Eversley 

Sugar cane production costs have been rising steadily over the years due to the increased expenditure required for both local and imported inputs. True production outlay of an acre of Conventional Plant Cane (CPC) has been difficult to ascertain due mainly to a lack of accurate and systematic field recording bookkeeping systems. Various estimates have been advanced from many sources e.g the International Monetary Fund (IMF) who estimated production costs per metric ton to be BDS$ 2,073 in 2003.  It can be safely assumed that the costs of production would have risen since then given recent inflationary trends. The IMF produced Barbados Inflation rate (Consumer prices) in its World Economic Outlook (2011) showed that inflation ranged between 1.566 per cent in 2003 to 5.761 percent in 2010, hence we expect the 2003 estimate to increase accordingly.

In order to determine current production costs, ARVTU developed an enterprise budget for Conventional Plant Cane (CPC) which captured all vital cost centers within the productive process of CPC. Costs which were used were labour rates (hourly and  task rates) as set by BAMC/BSIL/BWU tripartite agreement and recent prices of critical inputs such as herbicides and fertilizers from local agricultural suppliers as tendered to the Barbados Agricultural Management Company(BAMC). It should be noted that most inputs were bulked ordered by the BAMC to get competitive market price rates to lower the costs of production within a duopolistic supply wholesale sector. 
Summary of the Enterprise Budget
Following is a summary of the budget analysis done by ARVTU. A more detailed paper outlining all of the individual cost components and sources of information is available on request. The enterprise budget is an estimation on a per acre basis of the revenue and expenses for a particular crop during one cycle of production. Industry wide practices and costs have been captured within this financial plan which has three main components:

1. Revenue gained: It is assumed that 1 acre of CPC will yield 25 tonnes of cane. At an estimated $60 per ton this translates to Bds$1500.00 in revenue per acre.

2. Variable or (Operating) costs: These include the costs of hired labour; material inputs (such as seed cane, fertilizers, herbicides, and the operation of tractors and implements. These are regarded as cash costs and are grouped according to the stage of production.  Within each stage of production, operations are listed in the chronological order in which they were performed. 
Variable costs of production for one acre of CPC:


	Cost centre
	Activity
	Cost/acre

	Land preparation
	Harrowing, ploughing and furrowing
	290

	Fertilizing
	Application of MAP and 24-0-18 per acre
	421

	 Weed control
	Pre/post emergent / mechanical operations 
	369

	 Planting
	Cutting, dropping, covering and supplying
	1503

	Pest control
	Rodent control
	65

	Field maintenance
	Rock picking 
	98

	Harvest
	Mechanical Harvest/transport
	841

	Total variable costs:
	
	3590


3. Fixed costs: These represent costs that are incurred, whether production on the farm occurs or not and includes land rent, taxes, leases, insurance and average managerial and supervisory salaries. Yearly depreciation on semi-fixed assets such as tractors and boom-sprayers and fixed assets such as buildings were also considered but not included. 
Fixed costs of for one acre of CPC


	Item
	Cost per acre

	Land insurance
	83

	Land lease payments
	236

	Land taxes
	39

	Managers salary
	7

	Supervisors salary
	6

	Total fixed costs
	374


The total fixed and variable costs were estimated at $3965. Considering $1500 in revenue per acre, the net returns over all costs is $ -2465. This means that the CPC crop cannot pay for itself after the first harvest under the current price of $60 per tonne of cane multiplied by an average yield of 25 tca. For there to be profitability within the system, variable costs would have to be lowered, yields would have to be raised or revenue per acre would have to be increased. 

Break even analysis to determine product sustainability. 

Break-even analysis of a crop can be conducted utilizing enterprise budgets.  The goal of calculating a break-even price is to find out at what price sugar cane would have to be sold at in the market place in order to pay for its production. However, for an operation to remain in business in the long-run, a break-even price that covers all costs is required.  Raw sugar cane must be sold at a price level high enough to cover total production costs in order to ensure profit and business sustainability. The Break-even price required to cover total costs per acre based on the CPC crop alone is:
Break-even price =Total cost divided by yield = $3965.38/25tns=$158.61/tonne.
This represents the minimum price per tonne at which sugar cane could be sold to cover all costs of production.  A price received greater than the break-even price would result in a profit. Breakeven yields can also be estimated. Yield analysis is useful when you have to determine the quantity you need to produce to cover your costs of production. Breakeven quantity (Beq) can be calculated as follows:

Breakeven quantity = total costs ÷ contract price=$3965.38/$60.00=66 tca 
This is an unrealistic expectation due to the high fixed cost structure contained within the enterprise budget. Also 66 tonnes per acre is outside the potential or theoretical yields of all sugar cane varieties in Barbados. The enterprise budget as a tool of financial analysis concentrates principally on single crop /product outcomes in terms of revenue, costs and profitability. To fully gauge the true profitability of a sugar farm a complete budget would have to be created to include the financial contribution of subsequent ratoon crops of sugar cane and other crops such as cotton and root crops. 
The profitability of sugar farms can enhanced by instruments of national agricultural policy where specific state interventions are channeled into the subsector. Some of the most important instruments currently in place are noted below.

· Input subsidies- direct monetary transfers from central government in the form of payments such as the Cane Repayment Incentive Programme. 
· Deficiency payments- Monetary compensation when the appreciation of exchange rates of major international currencies results in lower export earnings for sugar producers. Guaranteed minimum prices are allocated to sugar farmers to offset loss in revenue.
· Rebates –Payment of guaranteed percentages on costs of agricultural field inputs such as spray cans and boom-sprayers. Refunding of the majority of cultivation costs for land preparation in sugar cane producing lands.

· Duty-free concessions – Implicit subsidies/concessions on a range of inputs such as tractors, harrows and 4 wheel drive pickups which are used in sugar production.
· The future plan to derive revenue from the generation of electricity and other high value sugar products as the industry transforms to a new sugar cane industry.


Jacklyn Broomes

A food crop research programme at ARVTU was established in May, 2012 to address some of the constraints in Food Crop Production at the BAMC. Its primary focus is on the agronomy of root crops including sweet potato, yams and cassava but includes all crops outside of sugarcane. The research agenda under the programme can be summarized as:
1. Research trials on the effects of plant spacing, fertilizers, soil adjuvants, varieties etc. on the growth, development and yield of the crop.
2. Establishment of germplasm collections of sweet potato and yam for conservation of plant genetic resources within their natural environment and to supply disease-free, vigorous planting material to food crop producers within the BAMC.
3. Yield assessment of new cultivars (sweet potato and cassava). 
Research projects 
1. The effect of cultivar on the size and yield was evaluated for five sweet potatoes. The yield results are shown in the table below.

2. The effect of single- and double-row planting on the number and weight of the sweet potato tubers of the CBS 32 variety was assessed. The aim was to obtain tubers which were < 500g i.e a more marketable size.  The table below shows the results obtained.

Although there was a reduction in the yield of tubers from single- to double-row planting, the overall yield per acre increased (extrapolated). 

	
Single row

	Plants per acre 
	7,920

	Average yield per acre
	10,285.5

	Double row

	Plants per acre 
	15,840

	Average yield per acre
	12,216.3

	% increase in yield 
	18.8


3. Influence of spacing and the soil rejuvenator Best TM 21 on the size and yield of the White Lisbon yam was tested. Three spacings (12”, 18”, 24”) were used but there were no significant differences in yield (12” – 921g, 18” – 648g, 24” – 723g). Usually, the larger the spacing, the larger the tuber.

Best TM 21 is supposed to work by increasing the microbial activity within the soil, thus helping the plant to uptake nutrients however in this trial, Best TM 21 had no significant effect on yield (with Best TM 21 – 801g, no Best TM 21 – 717g). The trial became infected with anthracnose which may have affected yield.
4. The effect of different fertilizer regimes on the yield of the C 104 variety of sweet potato is currently being investigated. The regimes being used are: 
· Mono-Ammonium Phosphate.

· Muriate of Potash.

· Ammonium sulphate.

· 12.12.17.2 (slow release).

· Combinations of all of the above.

5. Expanding the sweet potato germplasm collection so as to be able to provide farmers with adequate planting material. Currently 15 cultivars (most obtained from Ministry of Agriculture). “Toquecita”, “I”, “Q”, “G”, “U”, “Denver”, “E”, “Black Rock”, “CBS 32”, “L”, “CBS 49”, “T 67”, “O”, “Caroline Lee” and “Jah”. 
6. The Buck yam variety could be marketed as a novelty crop. Consumers may find it appealing because it is small in size, it needs no peeling and is easy to handle. It also has a texture and flavour which is different from the Crop Lisbon or Oriental yam varieties.  Planting material is being expanded for possible production on a larger scale.
7. Influence of sett size on the size and yield of yam tubers. It is expected that smaller setts will result in smaller, more marketable yams.

8. The effect of Azomite on the size and yield of yam tubers. Azomite is a “soil re-mineralizer” with over 70 minerals and trace elements. It has been reported to improve root systems, yields and general plant vigor in a variety of field crops.

9. Effect of the Etephon on the growth, number and yield of yam tubers. Etephon is the trade name for the plant hormone Ethelene. Past research has shown that Ethelene can cause multiple tuberization in yams (more tubers per hole).

The non-sugar research programme will expand in 2015 to include trials with 
Dwarf pigeon peas, Peanuts and any other crops as the need arises.

	


	


Summary of yields by variety for the low rainfall area

	Variety
	Plant cane
	Forced back
	First ratoon
	Second ratoon
	Third ratoon
	Older ratoons
	Total
	%

acres

	
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	

	B63118
	9.00
	22.18
	
	
	19.75
	11.17
	23.50
	10.79
	21.50
	8.33
	
	
	73.75
	11.57
	9.4

	B78436
	10.75
	22.80
	
	
	
	
	12.00
	10.75
	7.75
	8.29
	
	
	30.50
	14.37
	3.9

	B80689
	18.75
	13.32
	
	
	7.00
	10.81
	19.00
	11.27
	24.50
	11.27
	
	
	69.25
	11.78
	8.8

	B82238
	
	
	
	
	
	
	14.50
	11.47
	38.25
	10.57
	53.00
	6.49
	105.75
	8.65
	13.5

	B881607
	
	
	
	
	
	
	5.00
	12.58
	2.00
	7.75
	
	
	7.00
	11.20
	0.9

	B89447
	35.25
	30.12
	
	
	39.25
	17.00
	26.00
	14.30
	75.50
	11.42
	16.00
	11.00
	192.00
	16.35
	24.5

	B901227
	20.00
	20.40
	28.42
	11.89
	10.00
	9.36
	1.00
	
	
	
	
	
	59.42
	14.39
	7.6

	B97389
	
	
	
	
	10.50
	15.65
	15.50
	4.37
	
	
	
	
	26.00
	8.93
	3.3

	B97813
	29.75
	22.10
	
	
	
	
	
	
	
	
	
	
	29.75
	22.10
	3.8

	B9840
	7.00
	25.67
	18.00
	10.06
	2.25
	9.56
	
	
	
	
	
	
	27.25
	14.03
	3.5

	Mixed
	18.50
	21.57
	
	
	
	
	
	
	25.00
	7.17
	
	
	164.50
	10.96
	21.0

	Total
	149.00
	22.82
	46.42
	11.18
	88.75
	14.01
	116.50
	11.00
	194.50
	10.18
	69.00
	7.54
	785.17
	12.95
	100.0


Appendix 2: Summary of yields by variety for the intermediate rainfall area

	Variety
	Plant cane
	Forced back
	First ratoon
	Second ratoon
	Third ratoon
	Older ratoons
	Total
	%

acres

	
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	acres
	tca
	

	B63118
	59.25
	26.19
	
	
	14.25
	17.31
	9.00
	12.35
	
	
	2.00
	21.00
	84.50
	23.10
	2.3

	B71383
	
	
	
	
	
	
	8.00
	16.70
	17.50
	10.26
	
	
	25.50
	12.28
	0.7

	B74541
	29.00
	20.59
	
	
	21.75
	11.24
	9.00
	21.31
	58.25
	12.29
	10.50
	14.97
	128.50
	14.83
	3.5

	B77602
	
	
	
	
	
	
	
	
	
	
	12.50
	18.38
	12.50
	18.38
	0.3

	B78436
	36.50
	21.46
	
	
	24.75
	14.06
	3.00
	13.95
	30.25
	14.67
	
	
	94.50
	17.11
	2.6

	B80689
	130.75
	25.64
	
	
	29.00
	12.49
	34.00
	13.12
	5.00
	13.05
	6.50
	12.80
	205.25
	21.00
	5.6

	B82238
	153.50
	26.62
	57.25
	16.37
	149.50
	18.30
	223.00
	12.14
	281.75
	12.47
	110.75
	11.42
	975.75
	15.62
	26.7

	B85747
	
	
	
	
	
	
	5.25
	22.78
	6.50
	18.00
	8.00
	15.63
	19.75
	18.31
	0.5

	B881607
	33.75
	15.15
	
	
	25.00
	21.42
	29.50
	10.68
	19.50
	13.78
	10.50
	9.96
	118.25
	14.67
	3.2

	B89132
	27.50
	24.98
	
	
	22.75
	17.79
	14.00
	15.41
	14.25
	11.99
	10.00
	13.33
	88.50
	18.21
	2.4

	B89447
	191.25
	25.16
	
	
	150.25
	16.38
	179.25
	15.64
	95.25
	13.46
	86.75
	12.23
	702.75
	17.67
	19.2

	B89640
	25.25
	21.43
	28.00
	14.50
	12.25
	15.75
	20.25
	13.79
	
	
	15.00
	9.07
	100.75
	15.44
	2.8

	B901227
	34.00
	21.72
	20.75
	17.27
	7.00
	18.31
	34.50
	11.31
	
	
	16.00
	10.31
	112.25
	15.86
	3.1

	B90698
	3.00
	32.09
	
	
	77.00
	14.39
	1.50
	24.53
	
	
	
	
	81.50
	15.23
	2.2

	B97813
	
	
	
	
	2.00
	22.50
	
	
	
	
	
	
	2.00
	22.50
	0.1

	B98235
	
	
	
	
	30.50
	27.39
	77.25
	20.07
	55.25
	20.30
	11.00
	22.33
	174.00
	21.57
	4.8

	B9840
	30.50
	20.20
	26.00
	18.03
	68.50
	13.33
	96.50
	13.49
	2.00
	19.44
	
	
	223.50
	14.94
	6.1

	B99907
	4.00
	35.49
	
	
	34.00
	23.40
	20.50
	21.34
	16.25
	16.49
	9.00
	8.72
	83.75
	20.56
	2.3

	BT7782
	54.25
	26.08
	
	
	47.75
	16.33
	15.50
	12.77
	0.75
	13.91
	
	
	118.25
	20.32
	3.2

	Mixed
	38.50
	24.09
	
	
	68.50
	16.51
	163.75
	14.04
	24.75
	11.30
	7.50
	18.74
	303.00
	15.77
	8.3

	Total
	851.00
	24.51
	132.00
	16.44
	784.75
	16.91
	943.75
	14.39
	627.25
	13.51
	316.00
	12.55
	3654.75
	17.05
	100.0


  Appendix 3: Summary of yields by variety for the high rainfall area

	Variety
	Plant cane
	Forced back
	First ratoon
	Second ratoon
	Third ratoon
	Older ratoons
	Total
	%

acres

	
	acres
	Tca
	acres
	tca
	Acres
	tca
	acres
	Tca
	acres
	tca
	acres
	tca
	acres
	tca
	

	B62163
	
	
	
	
	12.00
	17.15
	19.75
	18.17
	64.25
	26.63
	33.00
	8.84
	129.00
	19.90
	3.7

	B78436
	5.00
	27.71
	
	
	
	
	52.00
	20.73
	54.75
	10.30
	19.75
	11.22
	131.50
	15.22
	3.8

	B79474
	
	
	
	
	8.00
	16.94
	51.50
	21.76
	19.25
	8.10
	34.75
	11.69
	113.50
	16.02
	3.3

	B80251
	
	
	
	
	
	
	40.25
	21.93
	39.25
	11.58
	
	
	79.50
	16.82
	2.3

	B80869
	92.50
	21.00
	
	
	83.25
	14.92
	66.00
	17.09
	16.75
	12.13
	
	
	258.50
	17.47
	7.5

	B82238
	160.75
	27.30
	121.25
	21.94
	222.00
	21.10
	273.75
	13.02
	252.75
	10.78
	87.00
	9.84
	1117.50
	16.89
	32.3

	B85877
	8.00
	36.23
	13.00
	30.69
	19.00
	31.54
	4.00
	20.87
	32.75
	16.45
	18.50
	13.57
	95.25
	22.69
	2.8

	B881607
	24.75
	19.96
	
	
	7.00
	10.98
	14.75
	7.40
	8.75
	8.82
	2.00
	12.34
	57.25
	13.66
	1.7

	B89132
	
	
	
	
	12.25
	13.43
	61.25
	14.32
	21.00
	13.04
	21.25
	10.99
	115.75
	13.38
	3.4

	B89447
	47.50
	22.15
	
	
	108.50
	13.97
	149.25
	12.50
	113.00
	12.75
	22.00
	12.10
	440.25
	13.95
	12.7

	B89474
	
	
	
	
	
	
	
	
	16.50
	5.66
	
	
	16.50
	5.66
	0.5

	B901227
	36.50
	23.10
	11.00
	21.08
	28.50
	15.85
	57.50
	13.79
	7.00
	8.14
	
	
	156.50
	16.43
	4.5

	B90698
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.0

	B97389
	33.25
	19.76
	
	
	
	
	
	
	
	
	
	
	33.25
	19.76
	1.0

	B98235
	66.00
	26.73
	
	
	45.00
	18.83
	21.75
	20.47
	26.50
	17.94
	7.50
	13.80
	166.75
	21.80
	4.8

	B9840
	7.50
	28.03
	14.25
	11.77
	5.00
	18.63
	11.00
	11.19
	3.75
	9.01
	
	
	41.50
	15.13
	1.2

	B9965
	
	
	
	
	
	
	
	
	9.25
	12.03
	
	
	9.25
	12.03
	0.3

	Mixed
	172.50
	21.86
	
	
	121.00
	17.37
	147.50
	12.72
	31.00
	12.31
	20.75
	14.77
	492.75
	17.12
	14.3

	Total
	654.25
	23.77
	159.50
	21.69
	671.50
	18.05
	970.25
	14.74
	716.50
	12.97
	266.50
	11.11
	3454.50
	16.76
	100.0


Appendix 4: Summary of yields by variety for all areas

	Variety
	Plant cane
	Forced back
	First ratoon
	Second ratoon
	Third ratoon
	Older ratoons
	Total
	%

acres

	
	acres
	Tca
	acres
	Tca
	acres
	tca
	Acres
	Tca
	acres
	tca
	Acres
	Tca
	Acres
	tca
	

	B62163
	
	
	
	
	12.00
	17.15
	19.75
	18.17
	64.25
	26.63
	33.00
	8.84
	129.00
	19.90
	1.6

	B63118
	68.25
	25.66
	
	
	34
	13.74
	32.5
	11.22
	21.50
	8.33
	
	
	158.25
	17.72
	2.0

	B71383
	
	
	
	
	
	
	8
	16.70
	17.50
	10.26
	
	
	25.50
	12.28
	0.3

	B74541
	29.00
	20.59
	
	
	21.75
	11.24
	9.00
	21.31
	58.25
	12.29
	10.50
	14.97
	128.50
	14.83
	1.6

	B77602
	
	
	
	
	
	
	
	
	
	
	12.50
	18.38
	12.50
	18.38
	0.2

	B78436
	52.25
	22.34
	
	
	24.75
	14.06
	67.00
	18.64
	92.75
	11.56
	19.75
	11.22
	256.50
	15.82
	3.2

	B79474
	
	
	
	
	8.00
	16.94
	51.50
	21.76
	19.25
	8.10
	34.75
	11.69
	113.50
	16.02
	1.4

	B80251
	
	
	
	
	
	
	40.25
	21.93
	39.25
	11.58
	
	
	79.50
	16.82
	1.0

	B80869
	242.00
	22.91
	
	
	119.25
	14.09
	119.00
	15.03
	46.25
	11.77
	6.50
	12.80
	533.00
	18.09
	6.8

	B82238
	314.25
	26.96
	178.50
	20.15
	371.50
	19.97
	511.25
	12.59
	572.75
	11.60
	250.75
	9.83
	2199.00
	15.93
	27.9

	B85747
	
	
	
	
	
	
	5.25
	22.78
	6.50
	18.00
	8.00
	15.63
	19.75
	18.31
	0.3

	B85877
	8.00
	36.23
	13.00
	30.69
	19.00
	31.54
	4.00
	20.87
	32.75
	16.45
	18.50
	13.57
	95.25
	22.69
	1.2

	B881607
	58.50
	17.19
	
	
	32.00
	19.14
	49.25
	9.89
	30.25
	11.94
	12.50
	10.34
	182.50
	14.22
	2.3

	B89132
	27.50
	24.98
	
	
	35.00
	16.26
	75.25
	14.52
	35.25
	12.61
	31.25
	11.74
	204.25
	15.47
	2.6

	B89447
	274.00
	25.28
	
	
	298.00
	15.58
	354.50
	14.22
	283.75
	12.63
	124.75
	12.05
	1335.00
	16.25
	16.9

	B89474
	
	
	
	
	
	
	
	
	16.50
	5.66
	
	
	16.50
	5.66
	0.2

	B89640
	25.25
	21.43
	28.00
	14.50
	12.25
	15.75
	20.25
	13.79
	
	
	15.00
	9.07
	100.75
	15.44
	1.3

	B901227
	90.50
	21.98
	60.17
	15.42
	45.50
	14.80
	93.00
	12.89
	7.00
	8.14
	16.00
	10.31
	328.17
	15.87
	4.2

	B90698
	3.00
	32.09
	
	
	77.00
	14.39
	1.50
	24.53
	
	
	
	
	81.50
	15.23
	1.0

	B97389
	33.25
	19.76
	
	
	10.50
	15.65
	15.50
	4.37
	
	
	
	
	59.25
	15.01
	0.8

	B97813
	29.75
	22.10
	
	
	2.00
	22.50
	
	
	
	
	
	
	31.75
	22.12
	0.4

	B98235
	66.00
	26.73
	
	
	75.50
	22.29
	99.00
	20.16
	81.75
	19.54
	18.50
	18.88
	340.75
	21.69
	4.3


Cont’d

Appendix 4: Summary of yields by variety for all areas (cont’d)
	Variety
	Plant cane
	Forced back
	First ratoon
	Second ratoon
	Third ratoon
	Older ratoons
	Total
	%

acres

	
	acres
	Tca
	acres
	Tca
	acres
	tca
	Acres
	Tca
	acres
	tca
	Acres
	Tca
	Acres
	tca
	

	B9840
	45.00
	22.35
	58.25
	14.04
	75.75
	13.57
	107.50
	13.26
	5.75
	12.63
	
	
	292.25
	14.88
	3.7

	B9965
	
	
	
	
	
	
	
	
	9.25
	12.03
	
	
	9.25
	12.03
	0.1

	B99907
	4.00
	35.49
	
	
	34.00
	23.40
	20.50
	21.34
	16.25
	16.49
	9.00
	8.72
	83.75
	20.56
	1.1

	BT7782
	54.25
	26.08
	
	
	47.75
	16.34
	15.5
	12.77
	0.75
	13.91
	
	
	118.25
	20.32
	1.5

	Mixed
	229.50
	22.21
	
	
	189.50
	17.06
	311.25
	13.42
	80.75
	10.41
	28.25
	15.82
	960.25
	15.64
	12.2

	Total
	1654.25
	24.06
	337.92
	18.19
	1545.00
	17.23
	2030.50
	14.36
	1538.25
	12.84
	649.50
	11.40
	7894.42
	16.51
	100.0
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Variety Development Programme





Seedlings from elite families for selection population – each plant is a potential new variety





Various crosses/families for Family Assessment trial





Selected seedlings being propagated in the Stage 2 nursery.





Variety planting recommendations: 2014 - 2015
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Moth Borer – island infestation survey








The larva of the moth causes the damage





Young plant with “dead heart” due to Moth Borer damage





The survey team (dressed in protective suits against “Cow Itch”) recording infestation levels.





Harvester loss survey
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Non-sugar crops: research review
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Sheet1

		Sample #		Clay		OM		CEC		FERTILITY		Error		Fertility		corrected F value						Sample #		Clay		OM		CEC		FERTILITY

		42 S		57.6		2.23		33.3		3.00		0.15		3.00 ± .15		1.29						42s		57.6		2.23		33.3		3

		80		61.7		1.96		34.8		3.05		0.15		3.05 ± .15		1.32						48		32.07		3.31		22.7		2.66

		48		32.07		3.31		22.7		2.66		0.13		2.66 ± .13		1.15						47		51.4		2.35		30.4		2.91

		47		51.4		2.35		30.4		2.91		0.15		2.91 ± .15		1.26						42/40		48.5		1.58		27.4		2.82

		64		46.5		2.87		29.0		2.87		0.14		2.87 ± .14		1.24						41/40		72.4		1.11		38.4		3.17

		70		21.3		0.69		12.0		2.32		0.12		2.32 ± .12		1.00						41		49.3		1.81		28.3		2.84

		71		38.1		1.23		21.5		2.63		0.13		2.63 ± .13		1.13						40		57.6		1.19		31.2		2.94

		110		33.5		2.99		22.7		2.67		0.13		2.67 ± .13		1.15						42		62.6		1.29		33.9		3.02

		81CS		50.6		2.37		30.0		2.90		0.15		2.90 ± .15		1.25						average		53.93		1.86		30.69		2.92

		86		39.6		4.28		28.3		2.85		0.14		2.85 ± .14		1.23

		50		39.0		2.46		24.4		2.72		0.14		2.72 ± .14		1.17						64		46.5		2.87		29.0		2.87

		30		47.5		1.66		27.1		2.81		0.14		2.81 ± .14		1.21						60		43.1		3.15		27.8		2.83

		60		43.1		3.15		27.8		2.83		0.14		2.83 ± .14		1.22						65		39.6		2.51		24.8		2.73

		42/40		48.5		1.58		27.4		2.82		0.14		2.82 ± .14		1.21						61		36.2		2.54		23.2		2.68

		172		31.4		2.94		21.6		2.63		0.13		2.63 ± .13		1.13						average		41.3		2.7675		26.2		2.78

		54		47.2		2.84		29.3		2.88		0.14		2.88 ± .14		1.24

		84		32.1		4.11		24.3		2.72		0.14		2.72 ± .14		1.17						70		21.3		0.69		12.0		2.32

		141		30.7		3.34		22.0		2.65		0.13		2.65 ± .13		1.14						71		38.1		1.23		21.5		2.63

		12B		58.4		1.75		32.7		2.99		0.15		2.99 ± .15		1.29						average		29.7		0.96		16.8		2.48

		41/40		72.4		1.11		38.4		3.17		0.16		3.17 ± .16		1.37						110		33.5		2.99		22.7		2.67

		171		13.0		4.94		16.4		2.46		0.12		2.46 ± .12		1.06						172		31.4		2.94		21.6		2.63

		41		49.3		1.81		28.3		2.84		0.14		2.84 ± .14		1.23						171		13.0		4.94		16.4		2.46

		40		57.6		1.19		31.2		2.94		0.15		2.94 ± .15		1.27						141		30.7		3.34		22.0		2.65

		61		36.2		2.54		23.2		2.68		0.13		2.68 ± .13		1.16						174		30.7		1.26		17.9		2.51

		10		39.7		1.99		23.8		2.70		0.14		2.70 ± .14		1.16						173		22.5		2.39		16.0		2.45

		65		39.6		2.51		24.8		2.73		0.14		2.73 ± .14		1.18						115		34.8		3.46		24.3		2.72

		32		17.7		4.75		18.4		2.53		0.13		2.53 ± .13		1.09						103		45.4		1.86		26.4		2.79

		81CSTL		54.3		1.92		31.0		2.93		0.15		2.93 ± .15		1.26						122		28.6		4.14		22.6		2.66

		42		62.6		1.29		33.9		3.02		0.15		3.02 ± .15		1.30						131		30.0		3.36		21.7		2.64

		174		30.7		1.26		17.9		2.51		0.13		2.51 ± .13		1.08						average		30.1		3.07		21.2		2.62

		173		22.5		2.39		16.0		2.45		0.12		2.45 ± .12		1.06

		3		52.2		1.24		28.6		2.85		0.14		2.85 ± .14		1.23						50		39.0		2.46		24.4		2.72

		115		34.8		3.46		24.3		2.72		0.14		2.72 ± .14		1.17						54		47.2		2.84		29.3		2.88

		103		45.4		1.86		26.4		2.79		0.14		2.79 ± .14		1.20						average		43.1		2.65		26.8		2.80

		122		28.6		4.14		22.6		2.66		0.13		2.66 ± .13		1.15

		20		51.4		1.7		29.1		2.87		0.14		2.87 ± .14		1.24						12B		58.4		1.75		32.7		2.99

		131		30.0		3.36		21.7		2.64		0.13		2.64 ± .13		1.14						3		52.2		1.24		28.6		2.85

																						10		39.7		1.99		23.8		2.70

																						average		50.1		1.66		28.4		2.85

																						20		51.4		1.7		29.1		2.87

																						30		47.5		1.66		27.1		2.81

																						32		17.7		4.75		18.4		2.53

																						average		32.6		3.205		22.7		2.67

																						80		61.7		1.96		34.8		3.05

																						81CS		50.6		2.37		30.0		2.90

																						86		39.6		4.28		28.3		2.85

																						81CSTL		54.3		1.92		31.0		2.93

																						84		32.1		4.11		24.3		2.72

																						average		47.6		2.928		29.7		2.89





Sheet4

		

				Sample #		total N				110		0.04				80		0.03				47		0.038		64		0.038				70		0.03

				64		0.038				172		0.05				86		0.04				48		0.051		60		0.045				71		0.04
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		Soil type		CEC 1		Fertility		Soil type		CEC 2		Fertility				Soil Type		42 S		80		48		47		64		70		71		110		81CS		86		50		30		60		42/40		172		54		84		141		12B		41/40		171		41		40		61		10		65		32		81CSTL		42		174		173		3		115		103		122		20		131

		3		69.95		4.18		42 S		33.26		3.00 ± .15				fertility		3.00		3.05		2.66		2.91		2.87		2.32		2.63		2.67		2.90		2.85		2.72		2.81		2.83		2.82		2.63		2.88		2.72		2.65		2.99		3.17		2.46		2.84		2.94		2.68		2.70		2.73		2.53		2.93		3.02		2.51		2.45		2.85		2.72		2.79		2.66		2.87		2.64

		21		89.73		4.81		80		34.79		3.05 ± .15

		17		64.38		4.00		48		22.66		2.66 ± .13

		16		33.44		3.01		47		30.39		2.91 ± .15

		9		86.25		4.70		64		28.97		2.87 ± .14

		18		38.76		3.18		70		12.01		2.32 ± .12

		37		38.01		3.16		71		21.52		2.63 ± .13

		12		49.51		3.52		110		22.72		2.67 ± .13

		34		31.69		2.95		81CS		30.03		2.90 ± .15

		22		72.56		4.26		86		28.34		2.85 ± .14

		36		56.59		3.75		50		24.40		2.72 ± .14

		7		104.9		5.30		30		27.07		2.81 ± .14

		24		52.94		3.63		60		27.85		2.83 ± .14

		19		66.94		4.08		42/40		27.42		2.82 ± .14

		26		43.93		3.35		172		21.58		2.63 ± .13

		10		90.61		4.84		54		29.30		2.88 ± .14

		33		30.56		2.92		84		24.26		2.72 ± .14

		27		48.84		3.50		141		22.04		2.65 ± .13

		29		47.4		3.46		12B		32.71		2.99 ± .15

		5		89.72		4.81		41/40		38.42		3.17 ± .16

		30		42.15		3.29		171		16.38		2.46 ± .12

		1		76.25		4.38		41		28.27		2.84 ± .14

		2		65.41		4.03		40		31.18		2.94 ± .15

		23		109.8		5.45		61		23.17		2.68 ± .13

		6		65.44		4.03		10		23.83		2.70 ± .14

		8		87.28		4.73		65		24.80		2.73 ± .14

		20		87.59		4.74		32		18.36		2.53 ± .13

		4		97.24		5.05		81CSTL		30.97		2.93 ± .15

		35		48.03		3.48		42		33.88		3.02 ± .15

		32		38.38		3.17		174		17.88		2.51 ± .13

		15		12.07		2.33		173		16.01		2.45 ± .12

		31		35.38		3.07		3		28.57		2.85 ± .14

		13		38.71		3.18		115		24.34		2.72 ± .14

		11		63.53		3.97		103		26.42		2.79 ± .14

		14		41.56		3.27		122		22.60		2.66 ± .13

		28		34.1		3.03		20		29.09		2.87 ± .14

		25		18.07		2.52		131		21.73		2.64 ± .13





Sheet2

		



CEC 1

CEC 2

CEC Comparison




_1475829622.xls
Chart1

		42 S		42 S

		80		80

		48		48

		47		47

		64		64

		70		70

		71		71

		110		110

		81CS		81CS

		86		86

		50		50

		30		30

		60		60

		42/40		42/40

		172		172

		54		54

		84		84

		141		141

		12B		12B

		41/40		41/40

		171		171

		41		41

		40		40

		61		61

		10		10

		65		65

		32		32

		81CSTL		81CSTL

		42		42

		174		174

		173		173

		3		3

		115		115

		103		103

		122		122

		20		20

		131		131



CEC 1

CEC 2

CEC Comparison

69.95

33.255615

89.73

34.79106

64.38

22.655875

33.44

30.38667

86.25

28.971285

38.76

12.013

38.01

21.51737

49.51

22.72036

31.69

30.030635

72.56

28.33907

56.59

24.40242

104.9

27.068255

52.94

27.848615

66.94

27.42075

43.93

21.584375

90.61

29.296665

30.56

24.255875

48.84

22.035185

47.4

32.71321

89.72

38.41553

42.15

16.381005

76.25

28.271415

65.41

31.175615

109.8

23.169875

65.44

23.831215

87.28

24.79907

87.59

18.357095

97.24

30.96857

48.03

33.880535

38.38

17.875185

12.07

16.014255

35.38

28.5672

38.71

24.33797

63.53

26.418365

41.56

22.604385

34.1

29.08667

18.07

21.729385



Sheet1

		Sample #		Clay		OM		CEC		FERTILITY		Error		Fertility		corrected F value						Sample #		Clay		OM		CEC		FERTILITY

		42 S		57.6		2.23		33.3		3.00		0.15		3.00 ± .15		1.29						42s		57.6		2.23		33.3		3

		80		61.7		1.96		34.8		3.05		0.15		3.05 ± .15		1.32						48		32.07		3.31		22.7		2.66

		48		32.07		3.31		22.7		2.66		0.13		2.66 ± .13		1.15						47		51.4		2.35		30.4		2.91

		47		51.4		2.35		30.4		2.91		0.15		2.91 ± .15		1.26						42/40		48.5		1.58		27.4		2.82

		64		46.5		2.87		29.0		2.87		0.14		2.87 ± .14		1.24						41/40		72.4		1.11		38.4		3.17

		70		21.3		0.69		12.0		2.32		0.12		2.32 ± .12		1.00						41		49.3		1.81		28.3		2.84

		71		38.1		1.23		21.5		2.63		0.13		2.63 ± .13		1.13						40		57.6		1.19		31.2		2.94

		110		33.5		2.99		22.7		2.67		0.13		2.67 ± .13		1.15						42		62.6		1.29		33.9		3.02

		81CS		50.6		2.37		30.0		2.90		0.15		2.90 ± .15		1.25						average		53.93		1.86		30.69		2.92

		86		39.6		4.28		28.3		2.85		0.14		2.85 ± .14		1.23

		50		39.0		2.46		24.4		2.72		0.14		2.72 ± .14		1.17						64		46.5		2.87		29.0		2.87

		30		47.5		1.66		27.1		2.81		0.14		2.81 ± .14		1.21						60		43.1		3.15		27.8		2.83

		60		43.1		3.15		27.8		2.83		0.14		2.83 ± .14		1.22						65		39.6		2.51		24.8		2.73

		42/40		48.5		1.58		27.4		2.82		0.14		2.82 ± .14		1.21						61		36.2		2.54		23.2		2.68

		172		31.4		2.94		21.6		2.63		0.13		2.63 ± .13		1.13						average		41.3		2.7675		26.2		2.78

		54		47.2		2.84		29.3		2.88		0.14		2.88 ± .14		1.24

		84		32.1		4.11		24.3		2.72		0.14		2.72 ± .14		1.17						70		21.3		0.69		12.0		2.32

		141		30.7		3.34		22.0		2.65		0.13		2.65 ± .13		1.14						71		38.1		1.23		21.5		2.63

		12B		58.4		1.75		32.7		2.99		0.15		2.99 ± .15		1.29						average		29.7		0.96		16.8		2.48

		41/40		72.4		1.11		38.4		3.17		0.16		3.17 ± .16		1.37						110		33.5		2.99		22.7		2.67

		171		13.0		4.94		16.4		2.46		0.12		2.46 ± .12		1.06						172		31.4		2.94		21.6		2.63

		41		49.3		1.81		28.3		2.84		0.14		2.84 ± .14		1.23						171		13.0		4.94		16.4		2.46

		40		57.6		1.19		31.2		2.94		0.15		2.94 ± .15		1.27						141		30.7		3.34		22.0		2.65

		61		36.2		2.54		23.2		2.68		0.13		2.68 ± .13		1.16						174		30.7		1.26		17.9		2.51

		10		39.7		1.99		23.8		2.70		0.14		2.70 ± .14		1.16						173		22.5		2.39		16.0		2.45

		65		39.6		2.51		24.8		2.73		0.14		2.73 ± .14		1.18						115		34.8		3.46		24.3		2.72

		32		17.7		4.75		18.4		2.53		0.13		2.53 ± .13		1.09						103		45.4		1.86		26.4		2.79

		81CSTL		54.3		1.92		31.0		2.93		0.15		2.93 ± .15		1.26						122		28.6		4.14		22.6		2.66

		42		62.6		1.29		33.9		3.02		0.15		3.02 ± .15		1.30						131		30.0		3.36		21.7		2.64

		174		30.7		1.26		17.9		2.51		0.13		2.51 ± .13		1.08						average		30.1		3.07		21.2		2.62

		173		22.5		2.39		16.0		2.45		0.12		2.45 ± .12		1.06

		3		52.2		1.24		28.6		2.85		0.14		2.85 ± .14		1.23						50		39.0		2.46		24.4		2.72

		115		34.8		3.46		24.3		2.72		0.14		2.72 ± .14		1.17						54		47.2		2.84		29.3		2.88

		103		45.4		1.86		26.4		2.79		0.14		2.79 ± .14		1.20						average		43.1		2.65		26.8		2.80

		122		28.6		4.14		22.6		2.66		0.13		2.66 ± .13		1.15

		20		51.4		1.7		29.1		2.87		0.14		2.87 ± .14		1.24						12B		58.4		1.75		32.7		2.99

		131		30.0		3.36		21.7		2.64		0.13		2.64 ± .13		1.14						3		52.2		1.24		28.6		2.85

																						10		39.7		1.99		23.8		2.70

																						average		50.1		1.66		28.4		2.85

																						20		51.4		1.7		29.1		2.87

																						30		47.5		1.66		27.1		2.81

																						32		17.7		4.75		18.4		2.53

																						average		32.6		3.205		22.7		2.67

																						80		61.7		1.96		34.8		3.05

																						81CS		50.6		2.37		30.0		2.90

																						86		39.6		4.28		28.3		2.85

																						81CSTL		54.3		1.92		31.0		2.93

																						84		32.1		4.11		24.3		2.72

																						average		47.6		2.928		29.7		2.89
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		Soil type		CEC 1		Fertility		Soil type		CEC 2		Fertility				Soil Type		42 S		80		48		47		64		70		71		110		81CS		86		50		30		60		42/40		172		54		84		141		12B		41/40		171		41		40		61		10		65		32		81CSTL		42		174		173		3		115		103		122		20		131

		3		69.95		4.18		42 S		33.26		3.00 ± .15				fertility		3.00		3.05		2.66		2.91		2.87		2.32		2.63		2.67		2.90		2.85		2.72		2.81		2.83		2.82		2.63		2.88		2.72		2.65		2.99		3.17		2.46		2.84		2.94		2.68		2.70		2.73		2.53		2.93		3.02		2.51		2.45		2.85		2.72		2.79		2.66		2.87		2.64

		21		89.73		4.81		80		34.79		3.05 ± .15

		17		64.38		4.00		48		22.66		2.66 ± .13

		16		33.44		3.01		47		30.39		2.91 ± .15

		9		86.25		4.70		64		28.97		2.87 ± .14

		18		38.76		3.18		70		12.01		2.32 ± .12

		37		38.01		3.16		71		21.52		2.63 ± .13

		12		49.51		3.52		110		22.72		2.67 ± .13

		34		31.69		2.95		81CS		30.03		2.90 ± .15

		22		72.56		4.26		86		28.34		2.85 ± .14

		36		56.59		3.75		50		24.40		2.72 ± .14

		7		104.9		5.30		30		27.07		2.81 ± .14

		24		52.94		3.63		60		27.85		2.83 ± .14

		19		66.94		4.08		42/40		27.42		2.82 ± .14

		26		43.93		3.35		172		21.58		2.63 ± .13

		10		90.61		4.84		54		29.30		2.88 ± .14

		33		30.56		2.92		84		24.26		2.72 ± .14

		27		48.84		3.50		141		22.04		2.65 ± .13

		29		47.4		3.46		12B		32.71		2.99 ± .15

		5		89.72		4.81		41/40		38.42		3.17 ± .16

		30		42.15		3.29		171		16.38		2.46 ± .12

		1		76.25		4.38		41		28.27		2.84 ± .14

		2		65.41		4.03		40		31.18		2.94 ± .15

		23		109.8		5.45		61		23.17		2.68 ± .13

		6		65.44		4.03		10		23.83		2.70 ± .14

		8		87.28		4.73		65		24.80		2.73 ± .14

		20		87.59		4.74		32		18.36		2.53 ± .13

		4		97.24		5.05		81CSTL		30.97		2.93 ± .15

		35		48.03		3.48		42		33.88		3.02 ± .15

		32		38.38		3.17		174		17.88		2.51 ± .13

		15		12.07		2.33		173		16.01		2.45 ± .12

		31		35.38		3.07		3		28.57		2.85 ± .14

		13		38.71		3.18		115		24.34		2.72 ± .14

		11		63.53		3.97		103		26.42		2.79 ± .14

		14		41.56		3.27		122		22.60		2.66 ± .13

		28		34.1		3.03		20		29.09		2.87 ± .14

		25		18.07		2.52		131		21.73		2.64 ± .13
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