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Abstract: This study was carried out to compare bunch weight determination in relation to the source-
sink balance in a selection of 12 Cavendish banana cultivars. Fruit number and individual fruit
weight are the main bunch weight components. The fruit number depended on the growth potential
during floral induction, which we estimated according to the active leaf area at floral induction
(ALAfi). We studied fruit weight determination by measuring the source-sink balance during bunch
growth, carbohydrate reserves and bunch-sucker biomass partitioning. Throughout the experiment,
we monitored the global radiation (Rg), which exhibited seasonal variations. We noted a source
variation from the first to the second cycle during bunch growth because of a decrease in the Rg and
active leaf area. Our results showed significant differences between Cavendish cultivars regarding
bunch weight, fruit number and susceptibility to source variations. There was an overall positive
linear relation between ALAfi and fruit number, but the ALAfi/fruit number ratio varied between
cultivars. We also found that the bunch weight was mainly determined by the fruit number rather
than the fruit weight when the source was not limited. Finally, we assessed the cultivar susceptibility
to source decreases, thereby revealing some cultivars of interest for agroecological cropping systems.

Keywords: Musa; yield; deleafing; global radiation; fruiting efficiency

1. Introduction

Cavendish (Musa AAA) banana cultivars were selected for their capacity to produce
high fruit yields in intensive cropping systems meeting international banana market re-
quirements. Among cultivars of the Cavendish group, ‘Grande Naine’ and ‘Williams’ are
considered to be ‘model bananas’ [1,2] and are the main cultivars cropped for export. How-
ever, banana cropping systems are currently moving towards agroecological systems based
on limited chemical input use. Soil resource availability is often reduced in these systems
as a result of competition with weeds or accompanying cover plants and/or the use of
organic fertilizers with hard-to-predict nutrient release patterns. Moreover, as fungicide
usage for black Sigatoka control has been curbed, prophylactic practices are now being
implemented that involve extensive sanitary deleafing, thereby reducing the banana leaf
area and photosynthetic production [3].

The Cavendish group includes various cultivars that are mainly distinguishable by
their height, leaf length/width ratio and fruit number/bunch [4,5]. The agronomic perfor-
mances of these cultivars have been compared in non-limiting conditions to select cultivars
suitable for the banana industry and export market [1,6–10]. To this end, the cultivars have
basically been compared on the basis of traits related to yield components: bunch weight,
fruit number, fruit size and number of bunches/year. However, few studies have addressed
the mechanisms involved in the yield build-up process of the cultivars.

It is of interest to study the carbon source-sink balance so as to assess the ability of
plants to withstand non-optimal cropping conditions. The term ‘source-sink balance’ is
more commonly used in reference to the carbon source-sink balance. The sources are
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photoassimilate-producing leaves, while the sinks are organs requiring carbohydrates for
their growth. In banana, the main source consists of the eight last emitted leaves, whereas
the main sinks are the bunch and sucker [11]. The source strength depends on the leaf area,
the global radiation (Rg) and the radiation use efficiency. The bunch sink strength depends
on the fruit number and on the number of cells contained in each fruit [12]. The source-sink
balance is involved in bunch weight determination as the fruit number depends on the
active leaf area at floral induction [13], and the fruit growth rate and final individual fruit
weight depend on the source-sink balance after bunch emergence [12]. The source strength
varies with the environment and cropping conditions and may be reduced by a radiation
decrease, water deficit or low nitrogen availability. The source strength is also affected
by defoliation and foliar diseases such as black Sigatoka disease caused by Mycosphaerella
fijiensis. However, source-sink balance variations between banana cultivars are poorly
documented.

We hypothesized that cultivars of the Cavendish groups would differ in terms of bunch
weight determination and the source-sink balance. To test this hypothesis, we measured a
set of plant traits in 12 representative Cavendish banana cultivars in an experimental plot
over two crop cycles.

2. Materials and Methods
2.1. Experimental Design and Growing Conditions

This experiment was conducted in Capesterre-Belle-Eau (Guadeloupe, French West
Indies), at the CIRAD Neufchâteau research station (16◦04′48′′ N, 61◦36′09′′ W) from
August 2019 to March 2021. The climatic conditions over this period and the plant stages
for both cycles are presented in Figure 1.

Agronomy 2022, 12, 333 2 of 13 
 

 

It is of interest to study the carbon source-sink balance so as to assess the ability of 
plants to withstand non-optimal cropping conditions. The term ‘source-sink balance’ is 
more commonly used in reference to the carbon source-sink balance. The sources are pho-
toassimilate-producing leaves, while the sinks are organs requiring carbohydrates for 
their growth. In banana, the main source consists of the eight last emitted leaves, whereas 
the main sinks are the bunch and sucker [11]. The source strength depends on the leaf 
area, the global radiation (Rg) and the radiation use efficiency. The bunch sink strength 
depends on the fruit number and on the number of cells contained in each fruit [12]. The 
source-sink balance is involved in bunch weight determination as the fruit number de-
pends on the active leaf area at floral induction [13], and the fruit growth rate and final 
individual fruit weight depend on the source-sink balance after bunch emergence [12]. 
The source strength varies with the environment and cropping conditions and may be 
reduced by a radiation decrease, water deficit or low nitrogen availability. The source 
strength is also affected by defoliation and foliar diseases such as black Sigatoka disease 
caused by Mycosphaerella fijiensis. However, source-sink balance variations between ba-
nana cultivars are poorly documented. 

We hypothesized that cultivars of the Cavendish groups would differ in terms of 
bunch weight determination and the source-sink balance. To test this hypothesis, we 
measured a set of plant traits in 12 representative Cavendish banana cultivars in an ex-
perimental plot over two crop cycles. 

2. Materials and Methods 
2.1. Experimental Design and Growing Conditions 

This experiment was conducted in Capesterre-Belle-Eau (Guadeloupe, French West 
Indies), at the CIRAD Neufchâteau research station (16°04′48″ N, 61°36′09″ W) from Au-
gust 2019 to March 2021. The climatic conditions over this period and the plant stages for 
both cycles are presented in Figure 1. 

 
Figure 1. Climatic conditions and plantation stages during the experiment. (a) Banana development 
phases during two crop cycles; (b) monthly cumulative global radiation (Rg); (c) monthly cumula-
tive rainfall and average daily temperature. BE: bunch emergence; H: harvest. 

Figure 1. Climatic conditions and plantation stages during the experiment. (a) Banana development
phases during two crop cycles; (b) monthly cumulative global radiation (Rg); (c) monthly cumulative
rainfall and average daily temperature. BE: bunch emergence; H: harvest.

The soil is classified as an andosol [14]. The cultivar evaluation trial was conducted on
a 0.2 ha plot in which 12 banana cultivars were planted (10 plants/cultivar). The plants
were randomly planted at a density of 930 plants/ha (3 m × 3 m spacing). We assumed
that this plant density was low enough to limit light competition in the banana population.
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The experimental field had lain fallow for 2 years and the soil was tilled before planting.
The planting materials were tissue culture plants supplied by Vitropic SA.

After banana planting, fertilizers were applied twice monthly, for a total annual
applied amount of 530 kg of nitrogen, 800 kg of potassium, 110 kg of phosphorus and
150 kg of magnesium.

For each crop cycle, we kept a single successive sucker and removed all others once
they emerged aboveground. We selected a successive sucker during the first cycle 5 months
after plantation. For the second cycle, we selected a successive sucker 4 months after the
first cycle harvest.

Sanitary deleafing was performed weekly, and a mixture of triazole fungicide and
mineral oil, composed of 5 g of difenoconazole in 10 L of mineral oil, was sprayed monthly
to control black Sigatoka disease.

2.2. Cultivars

The Cavendish cultivars were selected in the Vitropic SA brochure with the aim of
covering the plant size range prevailing in the Cavendish group, i.e., from the Dwarf to the
Robusta type [4]. From the smallest to the tallest, the cultivars were as follows:

• Dwarf type: These are the most cultivated cultivars in the subtropics, especially in the
Canary Islands. We monitored the Dwarf Cavendish ‘DC-01’ cultivar in this study.
This cultivar was selected for its high fruit number and its high bunch weight in
subtropical climate, where it exhibited the highest bunch weight compared to some
Giant cultivars (unpublished data).

• Giant type: These are major cultivars cultivated for world export, including the
mainstreamed cultivars ‘Grande Naine’ and ‘Williams’. For this study, we monitored
nine commercial Giant cultivars that were selected in ‘Grande Naine’ populations:
‘Gua-01’ (considered as the standard ‘Grande Naine’); ‘Gua-02’; ‘Mat-01’; ‘Mat-02’;
‘Mat-03’; ‘Mat-11’; ‘Mat-12’; ‘Cot-01’ and ‘Ruby’. The latter ‘Ruby’ cultivar is nematode-
tolerant and has shown resistance to TR4 disease under in vitro conditions.

• Robusta type: These were once major export cultivars that replaced the Gros Michel
cultivar, which is highly susceptible to Panama disease. In many exporting areas, they
have now been replaced by Giant Cavendish types, which are shorter and produce
larger bunches. We monitored two cultivars: ‘Ame-01’, an American cultivar that
used to be mostly cropped in Latin America, and ‘Poyo’ that used to be traditionally
cultivated in the West Indies.

2.3. Measurements

During two banana crop cycles, a set of measurements was applied on 10 plants/cultivar
to describe the plant morphology, the plant phenology and to assess the bunch characteris-
tics and their determination.

2.3.1. Plant Phenology and Morphology

We noted the date of each leaf emission, of bunch emergence and of harvest. Bunches
were harvested 900 cumulative degree-days after bunch emergence, with a base tempera-
ture of 14 ◦C. Since 11 leaves are emitted between floral induction and bunch emergence [15],
we retroactively estimated the floral induction date by the date of emission of the twelfth
leaf before bunch emergence.

The first cycle duration was measured as the interval between plantating and harvest
in the first cycle, while the second cycle duration was the interval between the first and
second cycle harvests.

For every leaf, the leaf length and width were measured to calculate the leaf area
according to Formula (1) [16]:

leaf area = 0.83 × leaf length × leaf width (1)
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We calculated the total emitted leaf area (TELA) as the cumulative area of all emitted
leaves/cycle. At bunch emergence, the pseudostem height and basal girth were measured
and the robustness was evaluated as the girth/height ratio. The pseudostem volume of the
parent plant (Vps) at bunch emergence, and the pseudostem volume of the sucker (Vpsr)
at the parent plant harvest were calculated according to the method described by Stevens
et al. [17]. At bunch emergence, we also measured the corm height and girth at its largest
section on the parent plant to calculate the corm volume (Vc) (Formula (2)):

Vc = 1/6π × corm girth2 × corm height. (2)

In order to realize the measurements on the corm, we delicately dug around the corm
on a width of 20 cm and depth of 40 cm; then we put the ground back around the corm.

2.3.2. Bunch Characteristics

The fruit number and weight/bunch were determined at harvest. We also measured
the diameter and length of two fruits of the third hand. We calculated an indicator of the
individual fruit weight (Indfw) as the volume of a cylinder whose diameter and length
were those of the fruit, according to Formula (3):

Indfw= π × fruit length × (fruit diameter/2)2 (3)

2.3.3. Bunch Weight Determination

The bunch weight depended on the fruit number and on the individual fruit weight.
Fruit number was determined at an early bunch formation stage as it depends on the

growth potential at floral induction [13]. The active leaf area at floral induction (ALAfi) is
an indicator of the growth potential at floral induction [13], and was calculated as the sum
of the areas of living leaves at floral induction. We calculated the ratio between ALAfi and
the fruit number/bunch.

The individual fruit weight depended on the quantity of carbohydrates allocated to
the fruit, which depends on the quantity of carbohydrates allocated to the bunch and on
the fruit number/bunch. The quantity of carbohydrates allocated to the bunch depended
on the source-sink balance from bunch emergence to harvest, on the carbohydrate reserves
and on the bunch-sucker biomass partitioning.

To evaluate the source-sink balance from bunch emergence to harvest, we calculated
the source (in m2), as the sum of the active leaf area for each time t (ALA(t)) from bunch
emergence to harvest. We used the fruit number/bunch to evaluate the bunch sink potential.
As bananas mostly store carbohydrates in the corm and pseudostem, we used Vps and Vc
to quantify the carbohydrate reserves. We calculated the ratio between the bunch weight
(in kg) and Vpsr (in dm3) in order to measure the bunch-sucker biomass partitioning.

2.4. Statistical Analysis

All statistical analyses were performed with R software (version 3.5.3) [18]. A principal
component analysis (PCA) was performed on seven variables (height, TELA, fruit length,
cycle duration, bunch weight, fruit number and robustness) of the cultivars. For each cycle,
the effects of the cultivar on the banana plant characteristics were tested with ANOVA
(α = 0.05). A Tukey post hoc test was conducted to compare average values/cultivar.

3. Results
3.1. Climatic Conditions of the Experiment

As shown in Figure 1, in line with the differences in day length, we observed periods
of low Rg from October to March and periods of higher Rg from April to September.
For the first cycle, growth of the vegetative part (from planting to bunch emergence)
occurred during a low Rg period whereas fruit growth occurred during a high Rg period.
Conversely, for the second cycle, growth of the vegetative part occurred during a high Rg
period whereas fruit growth occurred during a low Rg period.
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3.2. Multivariate Analysis of Descriptive Variables
3.2.1. First Cycle

Dimensions 1 and 2 explained 73% of the variance of the seven descriptive variables
(Figure 2a). Bunch weight and cycle duration, respectively, contributed 28% and 20% to
dimension 1, while pseudostem height and robustness, respectively, contributed 38% and
24% to dimension 2. This figure shows three clusters of cultivars: ‘Poyo’, ‘DC-01’ and the
other cultivars. These clusters differed significantly on both axes, mainly in terms of their
height and robustness (Figure 2b,c). ‘Poyo’ was the tallest and least robust cultivar, whereas
‘DC-01’ was the smallest and most robust. The other cultivars had intermediate height and
robustness. Note that bunch weight was positively correlated with the cycle duration, fruit
number and fruit length (Figure 2a).
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3.2.2. Second Cycle

Dimensions 1 and 2 explained 68% of the variance of the seven descriptive variables
(Figure 3a). Height and robustness, respectively, contributed 25% and 18% to dimension
1. Fruit number contributed 62% to dimension 2. The figure shows three clusters which
significantly differed on dimension 1 (Figure 3b): ‘Poyo’ and ‘Ame-01’ were the tallest and
least robust cultivars, ‘DC-01’ was the smallest and most robust, while the other cultivars
exhibited intermediate height and robustness. Note that these clusters corresponded to
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the three Cavendish types, i.e., Robusta, Giant and Dwarf Cavendish. For this cycle, the
bunch weight was positively correlated with the TELA, negatively correlated with the cycle
duration and was independent of the fruit number (Figure 3a).
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3.3. Bunch Characteristics and Cycle Duration

The bunch characteristics of the two cycles are compared in Table 1. For all cultivars,
the bunch weight decreased from the first to second cycle. Note that these bunch weight
variations from the first to the second cycle were particularly marked for ‘DC-01’ (−50%),
which exhibited the heaviest bunches in the first cycle and the lightest in the second cycle.
In contrast, we only observed a slight decrease in bunch weight with ‘Poyo’ (−3.5%), which
produced some of the smallest bunches in the first cycle and some of the heaviest in the
second cycle.
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Table 1. Average yield components of the 12 cultivars: fruit number, indicator of individual fruit
weight (Indfw), bunch weight and cycle duration.

Cultivars Fruit Number Indfw (cm3) Bunch Weight (kg) Cycle Duration (days)

Cycle 1 Cycle 2 Cycle 1 Cycle 2 Cycle 1 Cycle 2 Cycle 1 Cycle 2

Ame-01 162 cd 241 cd 257 127 ab 35.9 bcd 28.1 ab 311 bc 195
Cot-01 168 c 260 abc 253 117 ab 36.5 bcd 27.2 ab 321 ab 198
DC-01 220 a 262 abc 285 89 b 46.4 a 23.3 b 335 a 216
Gua-01 166 c 270 abc 255 130 ab 36.0 bcd 30.8 a 312 abc 206
Gua-02 163 c 236 cd 269 117 ab 37.1 bcd 26.1 ab 321 ab 196
Mat-01 156 cd 251 abcd 273 115 ab 37.4 bcd 26.3 ab 317 abc 221
Mat-02 162 cd 258 abcd 232 112 ab 31.1 d 26.7 ab 295 c 215
Mat-03 163 cd 249 bcd 245 134 ab 34.9 cd 29.5 ab 306 bc 199
Mat-11 175 bc 250 abcd 277 130 ab 41.0 abc 28.0 ab 313 abc 224
Mat-12 177 bc 295 a 266 99 b 42.2 ab 32.5 a 320 abc 193
Poyo 143 d 218 d 240 153 a 32.2 d 31.1 a 309 bc 191
Ruby 190 bc 283 ab 221 105 b 37.3 bcd 27.9 ab 321 ab 198

p-value *** *** n.s. ** *** ** *** n.s

Indfw was calculated as the volume of a cylinder whose diameter and length were those of the fruit. ANOVA:
n.s.: non-significant; **: p < 0.01; ***: p < 0.001. If p < 0.05, different letters indicate that the average values are
significantly different (Tukey test, α < 0.05).

Concerning the fruit number, there were significant differences between cultivars. In
the first cycle, ‘DC-01’ had the highest fruit number, while ‘Poyo’ had the fewest. In the
second cycle, ‘Mat-12’ and ‘Ruby’ had the highest fruit number, and ‘Poyo’ had the fewest.
For all cultivars, the fruit number increased from the first to the second cycle, with a mean
increase of 50%. ‘Mat-12’ exhibited the highest increase (+66%) and ‘DC-01’ the lowest
(+19%).

However, despite the increased fruit number, the indicator of individual fruit weight
(Indfw) of the 12 cultivars decreased from the first to the second cycle. The Indfw decrease
was not offset by the increased fruit number and resulted in a decreased bunch weight
in the 12 cultivars. Note that in the second cycle, the cultivars with the smallest Indfw
(‘Mat-12’, ‘Ruby’ and ‘DC-01’) had the highest fruit number.

The first cycle duration (interval between planting and the first cycle harvest) and
second cycle duration (interval between the first cycle harvest and the second cycle harvest)
are shown in Table 1. We only observed significant differences in the first cycle. ‘DC-01’
had the longest first cycle duration (335 days) while ‘Mat-02’ had the shortest (295 days).

3.4. Fruit Number Determination According to the Fruit Number/ALAfi Ratio

The fruit number as a function of the ALAfi for each cultivar and both cycles is
presented in Figure 4. We observed a positive linear correlation between the fruit number
and ALAfi (R2 = 0.81).

ALAfi was significantly different between cultivars for both cycles (p < 0.01). As shown
in Table 2, the fruit number/ALAfi ratio also presented significant differences between
cultivars for both cycles. In the first cycle, ‘DC-01’ and ‘Mat-02’ had the highest fruit
number/ALAfi ratio, whereas ‘Poyo’ and ‘Mat-03’ had the lowest. In the second cycle,
‘DC-01’ also had the highest ratio due to its significantly lower ALAfi, whereas ‘Mat-03’
and ‘Ame-01’ had the lowest ratio due to their significantly higher ALAfi.

Note that the mean increase in ALAfi from the first to the second cycle (84%) was
higher than the mean increase in fruit number (50%), thereby explaining the decrease in
the fruit number/ALAfi ratio from the first to the second cycle.
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cultivars are represented on the figure by their average value/cycle.

Table 2. Average fruit number/ALAfi ratio of the 12 cultivars.

Cultivars Fruit Number/ALAfi
(Fruit Number/m2)

Cycle 1 Cycle 2

Ame-01 24.0 ab 16.0 c
Cot-01 23.0 ab 19.2 bc
DC-01 28.0 a 25.6 a
Gua-01 26.7 ab 18.6 bc
Gua-02 23.5 ab 19.2 bc
Mat-01 23.2 ab 21.2 ab
Mat-02 28.4 a 18.9 bc
Mat-03 21.7 b 15.8 c
Mat-11 23.7 ab 19.9 bc
Mat-12 25.5 ab 19.6 bc
Poyo 21.2 b 17.0 bc
Ruby 26.3 ab 20.0 bc

p-value ** ***
ANOVA: n.s.: non-significant; **: p < 0.01; ***: p < 0.001. If p < 0.05, different letters indicate that the average
values are significantly different (Tukey test, α < 0.05).

3.5. Biomass Allocated to the Bunch: Source-Sink Balance, Carbohydrate Reserves and
Bunch-Sucker Biomass Partitioning

We characterized the source-sink balance from bunch emergence to harvest by mon-
itoring the leaf area between bunch emergence and harvest (source) as a function of the
fruit number/bunch (sink) (Figure 5). We observed differences between cycles, as the
cultivars had higher source in the first cycle than in the second, with a mean source of
1900 m2 and 670 m2, respectively. Hence, as the fruit number increased from the first to
the second cycle, the source-sink balance decreased markedly from the first to the second
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cycle. Moreover, we observed differences in the source-sink balance between cultivars.
Indeed, in both cycles, ‘Poyo’ appeared to have a high source-sink balance, with a small
fruit number, whereas ‘DC-01’, ‘Ruby’ and ‘Mat-12’ had a low source-sink balance with a
high fruit number.
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Figure 5. Sum of the active leaf area from bunch emergence to harvest (source) as a function of
the fruit number (sink). For more visibility, cultivars are represented on the figure by their average
value/cycle.

We monitored Vps and Vc to estimate the carbohydrate reserves. For Vc, ANOVA
revealed no significant differences between cultivars (p > 0.05). Conversely, for Vps,
ANOVA showed significant differences between cultivars, with ‘Mat-12’ having the highest
Vps in both cycles (Table 3). In the second cycle, ‘Mat-03’ and ‘Ame-01’ also had significantly
higher Vps than the rest of the cultivars. ‘Mat-02’ had the smallest Vps in the first cycle and
‘DC-01’ in the second cycle.

Table 3. Average pseudostem volume at bunch emergence (Vps), sucker pseudostem volume at the
parent plant harvest (Vpsr) and bunch weight/Vpsr ratio of the 12 cultivars.

Cultivars Vps (dm3) Vpsr (dm3) Bunch Weight/Vpsr (kg/dm3)

Cycle 1 Cycle 2 Cycle 1 Cycle 2 Cycle 1 Cycle 2

Ame-01 93.9 ab 169.6 a 40.5 ab 80.1 ab 0.93 cd 0.41 abc
Cot-01 81.3 ab 142.5 abc 34.4 ab 53.3 bc 1.19 abcd 0.59 ab
DC-01 88.6 ab 109.7 c 24.6 b 44.6 c 2.04 ab 0.64 a
Gua-01 92.1 ab 148.6 abc 38.7 ab 83.3 ab 1.01 bcd 0.39 abc
Gua-02 86.1 ab 143.1 abc 35.5 ab 64.2 abc 1.16 bcd 0.45 abc
Mat-01 89.7 ab 131.7 bc 23.2 b 62.8 abc 2.22 a 0.44 abc
Mat-02 80.2 b 149.2 ab 31.3 ab 71.1 abc 1.14 bcd 0.41 abc
Mat-03 97.0 ab 168.8 a 47.1 a 92.2 a 0.80 d 0.37 bc
Mat-11 91.3 ab 131.2 bc 26.8 b 59.0 abc 1.88 ab 0.52 abc
Mat-12 102.7 a 171.8 a 45.3 ab 87.5 ab 1.03 bcd 0.38 abc
Poyo 97.5 ab 151.9 ab 39.6 ab 91.6 a 0.99 bcd 0.36 c
Ruby 91.4 ab 136.8 abc 49.7 a 75.6 abc 0.86 d 0.41 abc

p-value * *** *** *** *** **

ANOVA: n.s.: non-significant; *: p ≤ 0.05; **: p < 0.01; ***: p < 0.001. If p < 0.05, different letters indicate that the
average values are significantly different (Tukey test, α < 0.05).
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The mean Vps increased from the first to the second cycle, due to the tallest plant
with the highest growth being in the second cycle. Those differences of height and growth
explained the mean ALAfi increase from the first to the second cycle that we observed.
However, note that the ALAfi was independent of the source during the fruit growth. This
explained why, despite the higher ALAfi in the second cycle, the bunch weight decreased
from the first to the second cycle because of the source decrease during the fruit growth.

4. Discussion
4.1. Bunch Weight in Source- vs. Sink-Limiting Conditions

In the first cycle, the bunch weights were positively correlated with the fruit number,
suggesting that in the first cycle the bunch weights were limited by the fruit number, i.e.,
the bunch sink potential. In this case, cultivars such as ‘Poyo’ with a low fruit number in
the bunch had the lightest bunches. In contrast, cultivars such as ‘DC-01’ with a high fruit
number in the bunch had the heaviest bunches.

In the second cycle, we observed that the bunch weight was positively correlated
with the TELA. This suggests that the bunch weight was limited by the source strength of
the leaves. Climatic conditions and foliar disease pressure differed between the first and
the second cycle. In the second cycle, the severe sanitary deleafing and the reduced Rg
during the bunch-filling period lowered the source from bunch emergence to harvest. This
explained the lower bunch weight that we measured in the second cycle compared to the
first cycle. In these conditions, bunches produced by cultivars such as ‘DC-01’ with a low
source-sink balance were highly impacted and were the lightest. On the contrary, ‘Poyo’, a
cultivar with a high source-sink balance and a low number of fruits, was less impacted by
the source decrease during the second cycle.

Differences in influence of the source-sink balance of the plant on its yield had previ-
ously not been measured in banana cultivars, but they have been described in tomatoes
with similar results by Li et al. [19]. In this latter study, the authors showed that when
sources were not limiting and when the yield was only limited by the sink strength, the
best yields (at the plant scale) were obtained with large-fruit tomato varieties (high sink
strength). Conversely, under source-limiting conditions, the best yields at the plant scale
were obtained with a small-fruit variety (low sink strength). In source-limiting conditions,
plants with low sink strength perform better than plants with high sink strength. The
source-sink balance could be altered by fruit pruning or bloom abortion, which may reduce
the final sink strength and favor fruit growth, as described in oil palm, canola, peach and
soybean [20–23]. Source-sink management is already commonly mainstreamed in banana
cultural practices with the ablation of male buds [24] and the last hands of the bunch [25].

Moreover, factors other than the source-sink balance could be involved in fruit growth
under source-limiting conditions. Those factors could be related to compensatory mecha-
nisms in response to source decreases [26]. Indeed, Robinson et al. [27] observed an increase
in the CO2 assimilation rate in response to leaf removal in banana, in turn suggesting an
increase in the net photosynthesis rate [28]. Moreover, Daniells et al. [24] observed an
increase in the bunch-filling period when they applied severe defoliation.

4.2. Bunch Weight and Fruit Number Determination

We found differences between cultivars in fruit number and individual fruit weight
in the second crop cycle. ‘DC-01’, ‘Mat-12’ and ‘Ruby’ had a high fruit number, but these
cultivars also exhibited the smallest Indfw in the second cycle. In contrast, ‘Poyo’ had a low
fruit number but the highest Indfw in the second cycle. The negative relation between Indfw
and fruit number in the second cycle, which was source-limited, may be explained by the
competition between fruits of the same bunch for assimilates [29]. However, we found no
differences in terms of Indfw between the cultivars in the first cycle. This indicated that
when the source was not limited, the cultivars had the same individual fruit weight and
that the differences in terms of bunch weight were only due to the fruit number. Those
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findings showed that the fruit number was the main factor determining the bunch weight
when the source was not limited.

In our study, the fruit number was positively correlated with ALAfi, which confirmed
the findings of Ganry [13] showing that the growth potential at floral induction—which we
assessed by ALAfi—was closely correlated with the fruit number and could be considered
as a key determinant of fruit number. Moreover, we observed significant differences in the
fruit number/ALAfi ratio between the cultivars. ‘Poyo’, ‘Ame-01’ and ‘Mat-03’ had a low
ratio, whereas ‘DC-01’ exhibited a high ratio.

In his experiments, Ganry [13] also observed differences between Cavendish cultivars
in terms of the fruit number to ALAfi ratio. He interpreted this as being due to a difference in
floral meristem efficiency of fruit production. In cereal species, grain number determination,
or so-called fruiting efficiency, involves a similar mechanism, as the grain number is
dependent on the growth of vegetative parts during anthesis [30]. Studies on several
species also described differences in fruiting efficiency between different cultivars: bread
wheat [31], durum wheat and sorghum [32].

5. Conclusions

We validated our hypothesis as the bunch weight determination differed between
cultivars due to differences in the source-sink balance. Moreover, those differences enabled
us to identify cultivars of interest according to cropping systems. ‘DC-01’—a cultivar
with a high fruit number/bunch—had a high bunch weight when the source was not
limited. However, it was very sensitive to reductions in leaf photosynthetic production.
This suggested that ‘DC-01’ was not adapted to agroecological cropping systems with
sanitary deleafing or low nitrogen availability. In contrast, ‘Poyo’ produced small bunches
with fewer fruits, but its bunch weight remained stable despite variations in light energy
acquisition thanks to its high source-sink balance. This resilient cultivar could be of
considerable interest for agroecological cropping systems, where the source may be reduced
by the control of black Sigatoka disease with severe deleafing or by low nitrogen amount
due to organic fertilizer and/or competitive live mulch. However, its high stature makes
bunch care difficult, which is why this cultivar is less attractive for export-oriented banana
production. ‘Ame-01’ and ‘Mat-03’ exhibited a low fruit number to ALAfi ratio, reflecting
a low efficiency in fruit number development and a high pseudostem volume. Those
cultivars had a high source-sink balance, high sources and high carbohydrate reserves.
They should perform well in agroecological systems. ‘Mat-12’ exhibited a high bunch
weight in different light resource acquisition conditions, along with a high fruit number.
With its high pseudostem volume, ‘Mat-12’ had high carbohydrate reserves, which could
offset source decreases due to sanitary deleafing. This cultivar could also be adapted to
cropping systems involving low pesticide application conditions.
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