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Introduction
The current objectives of the Mauritian sugar industry are

to increase total production and to decrease costs. Increased
productivity per unit area is thus essential for the industry to
remain viable in this post-GATT era, and one method of in
creasing productivity is through the use of early ripening
cultivars.Consequently, theproductionof genotypeswithearly
ripening characteristics is one of the main objectives of the
breeding programme of the MSIRI.

Abstract

Increased productivity is a long-standing objective of the
Mauritian sugar industry, especially in the early part of the
milling season when yields are sub-optimal due to low su
crose content. The Mauritius Sugar Industry Research Insti
tute (MSIRI) has its own breeding programme and the pro
duction of early cultivars is a priority objective. Agronomic
and physiologicalstudies on sugarcanegenotypes with differ
ingripeningcharacteristics are reviewed. Changesin the breed
ing and selection procedures over the past 20 years at the
MSIRI, which were designed to lead to the development of
cultivars suitable for harvesting at different dates, are dis
cussed. Results of recent investigations on variation and in
heritance and on the physiological basis of ripening, are out
lined. The performance of recent, Mauritian commercial vari
eties suitable for early harvest is surveyed. The potential for
increasing sugar yield through the development of early rip
ening cultivars is shown to be considerable and substantial
economic gains are envisaged.
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In Mauritius the harvestingseason normally begins in mid
June and ends in early December (120-130 days) and marked
differences in sucrose content are observed during this period
(Figure 1). The increase in sucrosecontent is a result of ripen
ing, which is influenced by a multitude of climatic and cul
tural factors including moisture status, nitrogen status, inci
dence of sunshine, altitude, latitude,diurnal and seasonal tem-

. peratures, age of crop and genotypes cultivated.
The use of early varieties has several advantages:

• increased productivity, in the early part of the harvest sea
son, due to increased sucrose % cane

• an earlier start to the harvest (2-4 weeks prior to mid-June)
and an earlier completion, thus avoiding the lower yields
associated with crop desiccation at the end of the season
and allowing earlier ratoon regrowth (this is particularly
important in super-humid areas with low radiation)

• a more efficient use of labour as the advancement of the
harvesting period would coincide with climatic conditions
more conducive to manual work

• facilitation of harvest of varieties with different ripening
characteristics at optimum times, ie avoidance of harvest
ing non-early varieties at the beginning of the season

• varietal diversification, ie 3-4 main varieties are likely to
be cultivated instead of 1-2

• increased milling efficiency due to higher juice purity and
hence higher recovery.
Until recently, relatively few early ripening varieties were

available for commercial cultivation and earliness appeared
to be a difficult characteristic to attain in the breeding and
selection programme. The need for early ripening cultivars
was especially highlighted in 1995 when Mauritius had to re
sort to a mini-harvest lasting 17 days, from 24 May to 10June,
to fulfil commitments to preferential markets because of a
shortfall in stocks due to low yields after cyclone Hollanda in
1994. It appears that the demand for early varieties will ac
crue in the future in view of increased labour shortages, in
creased mechanisation, decreased number of mills operating,
and a possible lengthening of the harvesting period. This pa
per reviewschangesin breedingand selectionproceduresover
the past 20 years at the MSIRI which were designed to lead to
the development of early ripening cultivars. Results of recent
investigations on variation and inheritance and on the physi
ological basis of ripening are also outlined.
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FIGURE 1: Changes in sucrose % cane over the harvestingperiod in
Mauritius

Changes in breeding and selection procedures
The current selection programme at MSIRI comprises four

types of trials at the preliminary stage, whereas the final phase
of selection comprises three series of trials (Tl, T2 and T3
maturity) as shown in Figure 2.

Paradoxically, the final stages of selection are discussed
first, as testing for suitability to harvest dates began in these
trials.
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FIGURE 2: The selection programme at the Mauritius Sugar Industry
Research Institute.

Final stages of selection
~ork on earliness of ripening in Mauritius developed from

studies on the effects of time of harvesting on yield that began
over 20 years ago in the early 70s (Soopramanien, 1979). This
work led to the establishment of maturity (T3) trials as a rou
tine part of the selection programme. Harvest recommenda
tions were thus made available for commercial varieties. The
information on ripening behaviour was, however, only obtain
able at the end of the selection cycle that was of 15 (or more)
years' duration at this time. Ripening behaviour was a vari
etal characteristic that was observed rather than pre-planned.

Since the 1970s the selection of varieties with different rip
ening characteristics at the T3 stage has always been a feature
of the varietal testing programme at MSIRI. This is substanti
a.ted by significant variety x harvest interaction effects, par
ticularly for sucrose content and consequently sugar yield, in
the majority of soils tested in this type of trial and especially
in the humid areas.

With a view to obtaining data on ripening behaviour earlier
in the selection programme, the date of harvest of T2 trials
was moved in the mid-80's from September to July (Table 1)
so that two dates of harvest (ie Tl, September and T2, July)
would be thoroughly tested after 12 years of selection.

A pilot T2 trial is currently being tested with two dates of
harvest (July and November) which may possibly lead to an
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eventual phasing out of the T3 type trials. The changes brought
about in the mid-80s to the T2 trials have recently enabled the
earlier release of several high sucrose, early varieties for com
mercial exploitation.
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Table 1

Changes in dates of sampling in the different selection stages

Preliminary stages of selection
It was realised that it was only through specific breeding

and selection programmes that it would be possible to pro
duce varieties suitable for harvesting at different times. In the
early 80s work began on the preliminary stages of selection to
investigate the possibility of selection for suitability to spe
cific times of harvest (Anon, 1981). Stage 2 trials were planted
in 1979 and sampled for field Brix in plant cane and first ratoon
at three dates, July (early), September (mid-season) and No
vember (late) instead of the usual July (early) sampling. The
results indicated that selecting in July favoured early ripening
varieties, as, among varieties selected as better or equal to the
standard early in the season, very few were selected on the
same criterion in mid- and late season. These results confirmed
that selection in July was a sound procedure when the stand
ard variety was a late ripener. The results also substantiated
the finding of Cuenya and Mariotti (1986) that genetic
variances were greater earlier in the season.

Following the work on stage 2, stage 3 trials were dupli
cated. One replicate was harvested in September (represent
ing mid-season harvest) and one in November (late harvest).
Results of these trials indicated that late varieties were not
discarded when selection was carried out at mid-season when
the control variety (M 377/56) was itself a late ripener. It was
concluded that the time of sampling and the ripening charac
teristics of the control variety used in the selection trial were
the main factors influencing which genotypes were selected
(Julien et al., 1983). It was also concluded that it was not
necessary to select at late harvest and that, when selection
was carried out at mid-season, more varieties were selected
than when selection was carried out at late harvest.

In the mid-80s stage 3 and 4 trials were duplicated to study
the effects of early (June) and mid-season (September) har
vests on selection. In all trials selection rates were higher for
early season harvest. It was concluded that a large percentage
of varieties suitable for early season harvest had been lost, as
previous assessments had been performed at a combination of
early and mid-season in selection trials (Table 1). Concurrent
commercial data for the periods 1979-1984 and 1985-1989
(Figure 1) showed tangible increases in sucrose content at late
harvest, but little progress at early harvest, substantiating the
fact that the varietal improvement programme had been bi
ased towards the production of good late varieties (Mamet,
1992). The selection procedures for stages 3 and 4 were modi-

Preliminary stages 1980-90 Post 1990

Stage 2 July July
Stage3 PC September June/July
Stage 3 lR June/July June/July
Stage4 PC September June/July
Stage41R September June/July
Stage 4 2R June/July June/July

Final phases Pre 1986 1986-1995 Post 1995

T1 (all crop cycles) September September September
T2 September July July + Nov
T3 July +Sept + Nov July + Sept + Nov
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fied in 1990 so that all crop cycles were evaluated in July
(Dornaingue et al., 1990).

Breeding for earliness

In parallel with this work, improvements in computer sys
tems enabled crosses to be directed for earliness. Table 2 shows
the increased emphasis over the past few seasons on crossing
for earliness of ripening.

Table 2

Proportion of crosses directed for earliness or high sucrose over the
period 1990-95

Number of crosses
Year

Totalcrosses Total %
Early HS

Early +HS

1991 2305 '0 102 102 4,4
1992 2602 73 35 108 4,2
1993 2666 60 0 60 2,3
1994 3719 191 158 349 9,4
1995 2170 160 66 226 10,4

HS = high sucrose

Variation and inheritance studies
It was imperative first to establish the existence of suffi

cient variation in earliness of ripening on which selection could
operate. Inheritance studies demonstated that genetic variance
existed for the earliness characters (eg field Brix, pol % DM,
purity) and that the coefficients of genetic variance were high
est at pre-harvest (Table 3). Mid-parent regressions were cal
culated for each character using mean parent and progeny
values for each of the 12 families averaged across the repli
cates. The regression coefficient was then used as an estimate
of heritability in the narrow-sense. This regression analysis
indicated that narrow sense heritability estimates varied over
time within a growing season and that all the estimates were
moderate to high, especially at pre-harvest (Table 3).

Between-family genetic correlations were calculated and
highly significant associations were obtained among the ear
liness characters. Stronger associations were found at pre- and
early harvests than at mid-harvest. Predicted genetic advance
was calculated using-narrow sense heritability estimates. The
observed genetic advance was shown to be always positive
and was greatest at pre-harvest. These results augur well for
improvement of earliness characters, especially since no del
eterious effects were observed at mid-season.

CYG (pooled over all progeny)

, Predicted genetic advance calculated using narrow sense heritability estimates
" GA as a percentage of mean

Table 3

Results of variation and inheritance studies for some earliness
characters

Pre Early Mid

Field brix 10,10 3,97 4,29
Pol % DM 11,61 7,78 7,58
Purity 5,53 1,49 3,57

0,87
0,74
0,66

0,39
0,22

0,92
0,42
0,30

0,85
0,93

0,96
0,88
0,81

0,83
0,89

Narrow sense h'

Field brix
Pol % DM
Purity

Genetic correlations (on the basis of 12 family means)

Predicted genetic advance

Field brix-pol % DM
Field brix-purity

Pre Early Mid

Mean GA' %** Mean GA % Mean GA %

Field brix 12,95 2,29 17,7 19,82 1,59 8,0 20,80 1,60 7,7
Pol % DM 32,92 6,28 19,1 45,6 2,60 5,7 46,86 4,75 10,1
Purity 62,19 8,72 14,0 80,15 1,30 1,6 85,15 4,59 5,3

Physiological basis of ripening

It was also recognised that a fuller understanding of the
physiological basis of ripening was required. Physiological
studies on the partitioning of dry matter at different times of
harvest, carried out by Julien and Delaveau (1977), provided
the basis for understanding the underlying mechanisms of rip
ening. Cheeroo et at. (1989) suggested that early varieties were
physiologically superior in that they used photosynthates more
efficiently and were able to produce the sinks for sucrose ac
cumulation earlier. This idea was the motivation for a study

It was hypothesised that the breeding programme did pro
duce early ripeners, but that these genotypes were lost during
selection due to inappropriate procedures.

Experimentation on earliness
In the late 80s it was thought necessary to undertake de

tailed studies to identify the reasons for the relative scarcity
of early ripeners and to study the genetics of earliness. It was
recognised that the physiological changes in the cane that gave
rise to differing ripening characteristics at harvest were com
mencing well before harvest. The study therefore placed em
phasis on pre-harvest data to see whether differences between
genotypes at this date were good indicators of future ripening
behaviour. The study involved 12 families (each comprising
32 F j progenies) from four types of bi-parental crosses be
tween sugarcane varieties with varying ripening patterns (three
each of early x early, early x late, late x early and late x late)
together with parental varieties. In a modified stage 3 type of
trial, three dates of sampling were used for field Brix: pre
harvest (April), early (July) and mid-season (October). This
study showed that more varieties were selected at pre- (22%)
and early (28%) harvest than at mid-season (19%) when the
control variety was itself a late ripener, and thus confirmed
and extended the results of Domaingue et al. (1990).

Varieties for further study were selected from this experi
ment on the basis of high Brix in comparison with a late rip
ening control variety at anyone or more of the three harvest
dates. Phenotypic correlations calculated for this selected popu
lation showed that pre-harvest field Brix (April, May, June)
had the strongest associations with earliness characters (ie Brix
% cane, Brix % dry matter (DM), pol % cane, pol % DM, and
purity) at early harvest, whereas only the August and Septem
ber Brix values were highly correlated with mid-season qual
ity. It was concluded that Brix should be measured at pre
harvest when early ripeners are sought, but should be meas
ured at mid-season whenever late varieties are required. Thus
the date of sampling was brought forward to May/June for all
the stages and crop cycles in the preliminary phase of selec
tion.

The genetic aspects of this work are described in the fol
lowing sub-section.
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of stalk elongation in a range of varieties with different ripen
ing patterns. Non-linear regression methods were used to fit
ordinary logistic curves to the elongation data, with a view to
extracting exact points of inflexion of the elongation curves
of each variety. The value of the inflexion point was then cor
related with earliness characters. It was shown that early elon
gation was related to early high sucrose (Mamet, 1992).

Further investigations undertaken to establish the sucrose
accumulation patterns of early and late ripening types, and to
identify related traits, revealed morphological and physiologi
cal differences between the two types of varieties. It was shown
that early varieties maintained lower tiller densities and leaf
area indices and had more, but shorter, internodes. It was also
confirmed that early varieties elongate earlier, but that final
stalk height at harvest was less than that of late varieties. It
was also confirmed that partitioning of photosynthates into
sucrose was higher and earlier in early varieties. The most
convenient parameters to measure were found to be reducing
sugars % juice, number of internodes, stalk height and the
ratio of reducing sugars to sucrose. This ratio is currently be
ing assessed as a screening criterion at the preliminary phase
(stage 2) of selection in a plant cane crop of 6-8 months of age
with a view to detecting early/high sucrose varieties at this
stage of selection.

Early commercial cultivars
Figure 3 shows the change in balance between early and

late varieties over the past 20 years in Mauritius, together with
details of the main varieties cultivated in each category. It is
hoped that the decline in early ripening varieties will be re
versed with an expansion of area under the recently released
early varieties.

Development on Earliness of Ripening of Sugarcane

Economic gains
The potential for increasing sugar yields through the devel

opment of early ripening cultivars is considerable, and sub
stantial economic gains are envisaged.

Two different scenarios were used to predict additonal sugar
yields. The first scenario is cautious, whereas the second is
optimistic and assumes a wide adoption of early high sucrose
varieties. The following assumptions were retained for both
scenarios:

• Cane production of 5 433 194 tonnes (mean 1990-1994)

• A baseline commercial sugar recovery (%) of 10,82 (mean
1990-1994)

• A milling season of 120 days with equal production per
day.

Scenario 1
• An increase of 0,5% in sucrose % cane for 15 days in July

and 0,25% for 15 days in August

• Incremental sugar produced = 5 511 tonnes.

Scenario 2

• An increase of 0,5% in sucrose % cane for 60 days in July/
August and 0,25% for 30 days in September

• Incremental sugar produced = 18371 tonnes.

A recent report (Julien et al., 1995) concerning the supply
of sugar to meet the European Refiners' deficit, forcast an
increase in production due to varietal improvement (due to
vars. M 1658/78 and M 52/78) to be 8 190 tonnes in 1996,
11160 tonnes in 1997 and 14 200 tonnes in 1998. These fig
ures concur extremely well with the above estimates.
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Conclusions

The relative scarcity of early ripening varieties in Mauri
tius in the 1990s has been attributed to the selection proce
dures employed in the 1970s and 80s rather than to a lack of
genetic variation for earliness characteristics in the breeding
materials available. Selection procedures have been modified
to favour the selection of early ripeners. Physiological indica
tors are being tested as possible selection criteria in order to
improve the efficiency of selection for earliness. A recurrent
selection programme for high sucrose has also been imple
mented. The two recently released early varieties, M 1658/78
and M 52/78, are expected to help reverse the trend that indi
cates the dominance of late ripening varieties in the area cul
tivated to cane in Mauritius. Increased sugar yields are envis
aged at the beginning of the harvest season if the area under
early ripening varieties is expanded, and substantial economic
gains are expected.

YEARS
Source: ANON (1974-94)

FIGURE 3: Change in balance between early and late varieties
(1974-94) in Mauritius

Among these, variety M 52/78 (released in 1994) is a typi
cal early ripener. It possesses very high, early sucrose content
and high cane yields, but its productivity decreases as the har
vesting season progresses. M 1658/78 (released in 1992) is
another rich variety with high cane and sugar yields which
currently occupies 7% of the area under cane.
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