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Relative importance of location and period of banana bunch growth in
carbohydrate content and mineral composition of fruit.

Abstract — Introduction. Relationships between environmental conditions (climate and soil)
and chemical characteristics of banana were studied in Martinique (French West Indies) to con-
tribute to discussions about a quality label based on origin and to help to improve management
of banana quality. Materials and methods. Bananas produced at six sites under different con-
ditions and during three periods of the year were harvested at the same stage and ripened under
identical conditions. Results. Differences in dry weight and chemical concentrations in the pulp
of green fruits were greater between sites than between periods. The pulp dry weight was higher
in fruits harvested at the highland site than in fruits harvested at the lowland sites. Differences
in Ca and Mg were observed in fruits harvested on vertisol and andosol soils. Fruits produced
on brown rust to halloysite soil contained high Mn concentrations. Differences in dry matter,
total soluble solids and citric acid concentrations in the pulp of ripe fruits were greater between
periods than between sites. Bananas harvested during the hot rainy season had the lowest pulp
dry matter and total soluble solids. Bananas harvested during the cool dry season had the highest
concentration of citric acid. Carbohydrate (dry matter, total soluble solids, and glucose and fruc-
tose) concentrations in fruit pulp decreased with an increase in mean daily temperature from
bunch emergence to harvest. Conversely, mineral (P, Mg and Ca) concentrations in fruit pulp
increased with an increase in temperature. Conclusion. It is clear that these relationships should
be taken into greater consideration when assessing banana quality. The specific environmental
conditions in highland areas warrant the creation of a ‘mountain banana’ label.

France (Martinique) / Musa (bananas) / site factors / temperature / climate / soil
types / fruit pulps / dry matter content / proximate composition

Importance relative du lieu et de la période de croissance des régimes de
banane sur la composition des fruits en carbohydrates et éléments minéraux.

Résumé — Introduction. Les relations entre les conditions naturelles de production (sol, cli-
mat) et les caractéristiques chimiques des bananes ont été étudiées en Martinique, afin d’ali-
menter une réflexion sur la mise en place d’un label de qualité basé sur l'origine et d’aider la
gestion de la qualité. Matériel et méthodes. Les fruits produits sur six sites, les plus divers pos-
sibles, et pendant trois périodes distinctes de I'année, ont été récoltés a la méme somme ther-
mique et muris dans les mémes conditions. Résultats. Les différences de poids sec et de
composition minérale de la pulpe des fruits a la récolte ont été plus fortes entre les sites qu’entre
les périodes. Le poids sec de la pulpe a été plus élevé dans les fruits récoltés sur le site en altitude
que dans les fruits récoltés en plaine. Les fruits produits sur des sols de type vertisol ont été plus
riches en calcium et magnésium que ceux produits sur des sols de type andosol. Les fruits pro-
duits sur des sols bruns rouille a halloysite ont été les plus riches en manganese. Les différences
de teneurs en matiere seche, extrait sec soluble et acide citrique dans la pulpe des fruits mars
ont été plus fortes entre les périodes qu’entre les sites. Les bananes récoltées pendant la saison
chaude et humide ont présenté les plus faibles teneurs en extrait sec soluble et total. Les bananes
récoltées pendant la saison fraiche et séche ont été les plus riches en acide citrique. Le poids
sec de la pulpe, la teneur en matiere seche des fruits verts, 'extrait sec soluble et les concen-
trations en glucose et fructose dans les fruits mirs ont diminué avec I'augmentation, pendant
la croissance des fruits, de la température moyenne journaliere. A I'inverse, les teneurs en phos-
phore, magnésium et calcium de la pulpe des fruits verts ont augmenté en méme temps que
l'augmentation de la température. Conclusion. Ces données devraient étre prises en compte
pour une meilleure compréhension de I'élaboration de la qualité des bananes. Les conditions
environnementales spécifiques en altitude justifient la mise en place d'une dénomination
« Montagne » pour la banane.

France (Martinique) / Musa (bananes) / facteur li€ au site / température / climat /
type de sol / pulpe de fruits / teneur en matiére séche / composition globale
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Table I.

C. Bugaud et al.

1. Introduction

Banana production is one of the main eco-
nomic activities in the French West Indies
(FWD. Faced with strong competition from
other banana-exporting regions that benefit
from lower production costs, the banana
industry in the FWI needs to offer a new
range of products to enhance market loyalty
and sustainability. Banana producers in the
region are proposing origin-based segmen-
tation of the market.

Products such as wine and cheese are
obviously associated with their regions of
origin, but this is seldom true of fruits, espe-
cially bananas. There are few objective data
to highlight differences in quality associated
with site factors (soil, climate).

In immature green fruit, physiological
differences are associated with the altitude
of the plantation, the soil type and the sea-
son. Lowland bananas [50-100 m above sea
level (a.s.1.)] are more susceptible to wound
anthracnose caused by Colletotrichum
musae than mountain bananas (> 300 m
a.s.1) [1]. In ripe bananas, studies in the FWI
revealed physical and aromatic differences
between mountain bananas and lowland
bananas [2, 3]. At the same harvest stage and
under identical ripening conditions, moun-
tain bananas had higher total soluble solids
and higher citric acid content, firmer texture,
and a higher concentration of aromatic com-
pounds than lowland bananas. Recently,
Bugaud et al. [4] showed a positive correla-
tion between rainfall amount and fruit firm-

Geographical characteristics of the six sites considered in
Martinique (WFI) to study the relative importance of the location of
banana bunch growth in the fruit composition.

Sites / municipalities

Ajoupa-Bouillon
Basse-Pointe
Carbet
Lamentin
Saint-Joseph
Vauclin

Lat.
Lat.
Lat.
Lat.
Lat.
Lat.
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Localisation Altitude

(m)
14° 48’ 44” N; long. 61° 07’ 26” W 378
14° 51’ 44” N; long. 61° 07’ 03" W 55
14° 43’ 33” N; long. 61° 10’ 34” W 58
14° 37’ 18” N; long. 60° 58’ 13" W 16
14° 39’ 36” N; long. 60° 59’ 49” W 40
14° 31’ 06” N; long. 60° 50’ 18” W 14
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ness. This relationship could explain why
bananas produced in highland areas, where
rainfall is higher, were firmer. Physicochem-
ical, nutritional and sensorial characteristics
differ with the region of origin of the banana
[5-71 and with the season [8]. Quality varies
with production site, yet the causes of these
variations remain to be determined. More-
over, in some cases, production practices
(agronomic practices, harvest stage, ripen-
ing and storage) were not controlled, even
though they have a clear impact on fruit
traits [8-11]. Thus, to evaluate the impact of
climate and soil conditions on the final qual-
ity of bananas, especially carbohydrate con-
tent and mineral composition, we con-
ducted a year-long observational study in
Martinique at several sites that are quite dif-
ferent in terms of soil and climatic condi-
tions. The harvest stage, and ripening and
storage conditions were kept identical
throughout the study to reduce the impact
of these factors on fruit traits. Our results
contribute to discussions about a quality
label based on origin and help to improve
management of banana quality.

2. Materials and methods

2.1. Characteristics of the studied
sites and periods

Our study was conducted under field con-
ditions in six banana plantations belonging
to different farms in Martinique (FWD and
during three growing periods of the years
2003-2004.

The selected sites were representative of
six sets of climate and soil characteristics
(tables -1II). The Ajoupa-Bouillon  site,
located in the highlands on young volcanic
soil, had the highest amount of rain and the
lowest mean daily temperature and sun-
light. The Basse-Pointe and Carbet sites,
which are located on volcanic soil too, differ
in their amount of rainfall. The Lamentin and
Saint-Joseph sites, which have a similar cli-
mate, have different soils: Lamentin is
located on a continental alluvial soil and
Saint-Joseph on a halloysitic soil. The Vau-
clin site, located on vertisol, had the highest
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Table II.
Soil chemical properties of the six sites considered in Martinique (WFI) to study the relative importance of the
location of banana bunch growth in the fruit composition.

Sites Soil® 2 pH Organic matter  Storage capacity K Ca Mg [K/(K+Ca-+Mg)]
(9 for cationic nutrients
(SCC)
(cmolEq-kg™)
Ajoupa-Bouillon Andosol on ash and pumice 5.1 11.6 10.3 0.7 1.0 1.0 27
Basse-Pointe Immature on ash 5.6 7.0 10.0 1.3 49 3.0 15
Carbet Virgin andosol 5.8 3.0 11.6 23 74 20 20
Lamentin Continental alluvial 5.4 3.2 30.1 1.6 17 11 5)
Saint-Joseph Brown rust to halloysite 5.3 2.4 20.5 15 58 20 16
Vauclin Vertisol 6.4 6.8 53.8 90 38 26 12

1 According to Colmet-Daage [12].
2 Two samples of soil were analysed at the beginning of the study.

Table lll.

Climatic conditions during banana bunch growth as a function of site and period (Martinique, FWI).
Sites

Mean daily temperature Rainfall cumulated during banana Mean sunlight cumulated during banana

(°C) bunch growth bunch growth
(mm) (MJ-m2)
Hot rainy Cool dry Intermediate® Hot rainy Cooldry Intermediate Hotrainy Cool dry Intermediate
period1 period? period period period period
Ajoupa-Bouillon 24.5 22.2 23.2 1231 1023 1073 1410 1620 1470
Basse-Pointe 27.2 25.3 26.3 557 434 873 1580 1590 1720
Carbet 27.3 25.4 26.3 449 257 484 1460 1560 1600
Lamentin 27.2 25.4 26.3 542 340 673 1270 1520 1460
Saint-Joseph 26.7 24.7 26.1 507 376 722 1350 1620 1370
Vauclin 28.1 26.3 271 369 213 475 1480 1700 1770
i July to October 2003; 2 December 2003 to March 2004; 3 March 2004 to June 2004.
mean daily temperature and, with the Car- recorded for each farm based on data
bet site, the lowest amount of rainfall. obtained from meteorological stations
) . (CR10X, Campbell, Courtabceuf, France).
Three representative periods were cho-
sen (table IID: July to October 2003, which
was the hot rainy period; December 2003 to  2.2. Cultivation practices
March 2004, which was the cool dry period,
and March to June 2004, which was an inter- ~ All the fields were planted with the cultivar
mediate period. Actually, the hot rainy and Grande Naine, Cavendish subgroup (AAA).
intermediate periods had similar rainfall To reduce the impact of cropping cycles,
amounts. Mean daily temperatures, cumu- especially plant crops, plants were grown
lated rainfall and daily sunlight were on established fields [13]. Similar types and
Fruits, vol. 64 (2) 65



Table IV.
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Age of banana fruit expressed as days and thermic sum [degree-days (dd)] as a function of site and period

(Martinique, FWI).

Sites

Flowering-to-harvest time

Ajoupa-Bouillon
Basse-Pointe
Carbet
Lamentin
Saint-Joseph
Vauclin

Hot rainy period

) (dd) ©)
95 995 118
78 1035 91

77 1015 88
72 970 86
77 995 100
72 1020 92

Cool dry period

Intermediate period

Fruit age Flowering-to-harvest time Fruit age Flowering-to-harvest time Fruit age

(dd) () (dd)
1024 110 950
1030 86 1010
1000 83 1030

990 82 1025
1050 89 1000
1130! 87 1120"

1 Bananas from the Vauclin site were harvested at over 1100 dd for the last two periods because they had not reached the minimum
diameter of 30 mm at 1000 dd.
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quantities of fertiliser were applied: NPK
(14 / 4 / 28], 100-120 g per application. The
frequency of fertilisation depended on rain-
fall: every 3—4 weeks during the dry season
(January-April) and every 2-3 weeks for the
rest of the year. Fertiliser was applied to
exceed nutrient cationic demand and to
reach an optimal cationic balance in the soil.
In the Vauclin soil, exchangeable potassium
content was high to balance the two cations
Ca and Mg, which are naturally abundant.
In the Lamentin soil, calcium was high but
the balance with the other cations was sat-
isfactory. All fields except the one located
in Ajoupa-Bouillon were irrigated during
the dry season. Depending on the amount
of rainfall, 4-5 mm of water per day was sup-
plied to each field by drip irrigation at the
Basse-Pointe and Lamentin sites, by sub-
canopy sprinkler at the Carbet and Vauclin
sites, and by overhead sprinkler in the Saint-
Joseph field. Other cropping practices
(suckering, bunch management) were sim-
ilar throughout the study period.

2.3. Fruit sampling procedure

In each field and at the beginning of each
period, bunches were identified at the same
inflorescence emergence stage on plants
growing in a radius of 50 m from the centre
of the plot and far from the borders. Of these

Fruits, vol. 64 (2)

bunches, five were randomly selected. The
bunches were harvested at a temperature
sum of 1000 degree-days (dd) + 50 dd
(table 1V), which was the mean daily tem-
perature accumulated by the fruit during its
growth from flowering to harvest with a
baseline temperature of 14 °C [14]. Bananas
from the Vauclin site were harvested at over
1100 dd in two of the three study periods
because they had not reached a minimum
diameter of 30 mm at 1000 dd. The fourth
proximal banana hand per bunch was
rinsed and dipped in fungicide (thiabenda-
zol, 500 mg'L™}) for 1 min. Half the hand
was immediately used for measurements on
green fruits.

2.4. Fruit ripening and storage

The other half of the hand was placed in a
plastic bag with 20-pm respiration holes and
stored in packed boxes for 10-15 days at
14 °C, thus simulating the storage conditions
commonly used during shipment from the
FWI to European ripeners. Then, it was rip-
ened with an ethylene treatment (1 mL-L™
for 24 h at 16 °C). After 24 h, the gassing
room was ventilated. Bananas were main-
tained at 20 °C for 6 days until the “yellow”
ripeness stage was reached [15], which cor-
responds to the edible stage preferred by
consumers.
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2.5. Physicochemical analyses

Fruits and pulp of green fruit were weighed.
To measure dry matter content in pulp of
green and ripe fruits, 2 g of purée was oven-
dried at 70 °C for 24 h and then weighed.
Total soluble solids in ripe fruits were meas-
ured by refractometry after centrifugation
(9,300 g for 10 min). The supernatant was
frozen at —20 °C for subsequent analysis of
sugar and acid concentrations. The sugar
(sucrose, glucose and fructose) and acid
(malic and citric acid) concentrations were
analysed by HPLC as described by Bugaud
et al. [2]. The mineral composition (K, Mg,
P, Ca, Fe, Zn and Mn) of dry matter from the
pulp of green fruits was analysed according
to the method described by Martin-Prével
et al. [16). For carbohydrates, five samples
— one for each of the five bunches selected
— were analysed separately. For minerals,
the dry pulp of green fruits from the five
bunches was pooled into a single sample.
Each analytical sample was analysed twice
and results were averaged.

2.6. Statistical analyses

Means of the carbohydrate contents of the
five samples (site X period) were calculated
in order to use the same statistical model for
all physicochemical quantities. Main effects
were tested by a two-way analysis of vari-
ance: field (six levels) x period (three lev-
els). Without true replicates, the interaction
field x period could not be tested and is con-
sidered as a random error term. Means were
compared with Tukey’s multiple range test
at the 5% significance level (Minitab soft-
ware package, release 13.20, 2000).

3. Results

3.1. Effect of periods and sites
on carbohydrate and mineral
composition

At harvest, fruit and pulp dry weights of green
bananas differed significantly between sites
(P < 0.001) (table V). The pulp dry weight

of fruits harvested at the Ajoupa-Bouillon
site was the highest, i.e., from (40 to 130)%
higher than pulp dry weight of fruits har-
vested at the other sites. Fruits harvested in
the hot rainy period had lower significant
pulp dry weight than that of fruits harvested
in the intermediate period (P < 0.05). The
fruit weight was correlated with pulp dry
weight (R = 0.97; P < 0.00D). The dry matter
contents in the pulp of green bananas were
significantly lowest in the hot rainy period
(P < 0.00D).

In ripe fruit pulp, the dry matter and total
soluble solids contents were significantly
lowest in the hot rainy period (P < 0.001).
Average differences in dry matter content for
the two other periods were more than
20 gkg™! fresh weight. For total soluble sol-
ids content, the difference was close to
3 °Brix, to the advantage of bananas har-
vested in the cool dry period. Dry matter
contents of green bananas were correlated
with the dry matter (R = 0.90; P < 0.001)
and total soluble solids contents (R = 0.89;
P < 0.00D) of ripe bananas.

No significant differences in total soluble
sugars were observed among sites and peri-
ods. Only fruits harvested at the hottest site
(Vauclin) had significantly lower fructose
concentrations than fruits harvested at the
Ajoupa-Bouillon and Basse-Pointe sites
(P < 0.05). The mean [glucose / fructose]
and [sucrose / glucose + fructose] ratios
were approximately equal to 1.

The citric and malic acid concentrations
were significantly higher in the pulp of ripe
bananas harvested during the cool dry
period than those harvested during the hot
rainy period (P<0.001 and P <0.05,
respectively). The concentrations of malic
acid were significantly higher in Vauclin
bananas than in Ajoupa-Bouillon, Basse-
Pointe and Lamentin bananas (P < 0.05).

Magnesium concentrations in green fruits
harvested at the Vauclin site were signifi-
cantly higher than magnesium concentra-
tions found in green fruits harvested at the
Ajoupa-Bouillon, Lamentin or Saint-Joseph
sites (P < 0.001) (table VD). Differences in
magnesium concentrations between Vauc-
lin and Ajoupa-Bouillon bananas reached as
much as 0.30 gkg™! dry weight. Calcium

Fruits, vol. 64 (2)
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Table VI.

Mineral composition in pulp of green fruits as a function of production conditions (six sites and three periods) in

Martinique (FWI).

Effects considered

Macro-element

Micro-element

Potassium Magnesium  Phosphorus Calcium Iron Zinc Manganese
g-kg'1 pulp dry matter mg-kg'1 pulp dry matter

Site Ajoupa-Bouillon 13.3 1.16b 0.72 0.16 c 15 12 3b
Basse-Pointe 15.9 1.26 ab 0.88 0.19 bc 21 9 5b
Carbet 15.5 1.28 ab 0.96 0.20 bc 19 11 9b
Lamentin 13.4 1.23b 0.80 0.35a 23 9 11b
Saint-Joseph 14.0 1.23b 0.84 0.26 abc 17 9 38a
Vauclin 15.5 1.46 a 1.09 0.29 ab 22 10 18 b

Site effect Not significant e ns e ns ns e

Period Hot rainy period 159a 1.32 0.95 0.27 20 11 16
Cool dry period 14.2 ab 1.25 0.82 0.22 20 10 14
intermediate 13.8b 1.24 0.88 0.23 19 10 13

Period effect * Not significant Not significant Not significant Not significant Not significant Not significant

Residual coefficient of 8.2 6.0 14.5 16.6 225 16.9 40.2

variation (%)

a, b, c: Results of Tukey’s mean separation test at 5%; variance analysis: *** P < 0.001, * P < 0.05.

concentrations were significantly twofold Figure 1.

higher in Lamentin bananas than in Ajoupa-
Bouillon bananas (P < 0.001). Manganese
concentrations were significantly two- to
tenfold higher in fruits grown at the Saint-
Joseph site than in fruits grown at the other
sites (P < 0.001). Mineral concentrations
were the highest in the pulp of green fruits
harvested during the hot rainy period
(table VD). These differences were signifi-
cant for potassium only (P < 0.05).

3.2. Correlation between climatic
parameters and chemical
composition of ripe fruit

The pulp dry weight in fruits increased with
a decrease in the mean daily temperature
during bunch growth (R = -0.83; P < 0.001)
(figure 1). A negative correlation was
observed between the mean daily temper-
ature during bunch growth and the dry mat-
ter content in pulp of green and ripe fruits
(R =-0.67 and R = -0.62; P < 0.01, respec-
tively) and the total soluble solids contents

a1
o

g R=-083
5 40
o
230
<
2 20
S
210
=3
g 0
22 24 26 28

Mean daily temperature (°C)

Basse-Pointe
Saint-Joseph
Lamentin

Ajoupa-Bouillon
Vauclin
Carbet

(R =-0.72; P < 0.00D) (figures 2, 3). When
disregarding the values for the Ajoupa-
Bouillon site, these correlations increased to

=-0.79, R = —-0.77 and R = —0.84, respec-
tively (P <0.001). No correlation was
observed between sunlight cumulated dur-
ing bunch growth and pulp dry weight and
matter content. The glucose and fructose
concentrations decreased with an increase

Fruits, vol. 64 (2)

Correlation between mean daily
temperature during bunch
growth and pulp dry weight of
banana at harvest. Each point
is the mean of fruits from five
bunches.
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Figure 2.

Correlation between mean daily
temperature during bunch
growth and dry matter of
banana at harvest. Each point
is the mean of fruits from five
bunches.

Figure 3.

Correlation between mean daily
temperature during bunch
growth and total soluble solids
of ripened banana. Each point
is the mean of fruits from five
bunches.

Figure 4.

Correlation between mean daily
temperature during bunch
growth and the glucose and
fructose concentrations of
ripened banana. Each point is
the mean of fruits from five
bunches.
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D =-0.67
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e
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B 240
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> 220
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Mean daily temperature (°C)
Ajoupa-Bouillon Basse-Pointe
Vauclin Saint-Joseph
Carbet Lamentin
= A =-072
&
o 24
S
Ei
& 22
)
p=}
'S 20
g
L 18
22 24 26 28
Mean daily temperature (°C)
Ajoupa-Bouillon Basse-Pointe
Vauclin Saint-Joseph
Carbet Lamentin
[%]
=
K]
& 110 =-0.65
€
§ 100
cw
55 9
3
5 - 80
2L
T 70
[}
1%
g 60
3 22 24 2 2
5 6 8

Mean daily temperature (°C)

Basse-Pointe
Saint-Joseph
Lamentin

Ajoupa-Bouillon
Vauclin
Carbet

in the mean daily temperature during bunch
growth (R =-0.65; P <0.0D) (figure 4). A
positive correlation was observed between
mean daily temperature during bunch
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growth and macro-element concentrations
(R = 0.67 for phosphorus, R = 0.64 for mag-
nesium, R = 0.61 for calcium; P < 0.01)
(figure 5).

4. Discussion

We chose to work under real environmental
conditions in order to study a wide range of
sites, i.e., as diversified as possible. Our
experiment thus enabled us to classify the
effects of the site and of the production
period on the physicochemical characteris-
tics of banana grown under given condi-
tions. However, due to the lack of replicates
(similar sites studied over a period of several
years), our results should be interpreted
with care. A study in controlled conditions
will be required to confirm the differences
that we recorded here.

Concerning chemical composition, dif-
ferences between sites were greater than
differences between periods. These differ-
ences were not insignificant for two macro-
elements (Mg and Ca) and one micro-ele-
ment (Mn). If the objective is to promote
geographic origin, the micro-element Mn,
which is particularly involved in the forma-
tion of bone, is of great interest. We
observed that a fruit produced on brown
rust to halloysite soil (Saint-Joseph site) con-
tained more than 1 mg of Mn, which would
cover more than half the daily recom-
mended intake of Mn [17]. Concerning Ca
and Mg, recorded differences were smaller.
Moreover, the quantities recorded in the
fruits analysed (< 7 mg for Ca and < 45 mg
for Mg) were far below the recommended
dietary allowance (1300 mg-d™! for Ca and
400 mg-d~! for Mg) [17].

At the same harvest stage (about 1000
degree-days), differences in fruit and pulp
dry weights were greater between sites than
between periods. The fact that the biggest
and heaviest fruits were harvested in the
highland area is in good agreement with the
results of Bugaud et al. [2] and Chillet et al.
[18], and is favourable for the creation of a
mountain label.

Concerning sugar and acid concentra-
tions, there was a clear impact of period.



Carbohydrate content and mineral composition of banana

Bananas produced during the cool dry
period had higher total soluble solids con-
tents and malic and citric acid concentra-
tions than bananas produced during the hot
rainy period. These results are in accord-
ance with those of Ambuko et al. [8]. How-
ever, there is no evidence that the differ-
ences in total soluble solids and in acid
concentrations between periods would be
detected by consumers. Indeed, Cano et al.
[5] observed that panellists were only able
to differentiate the sweet taste of bananas
when differences in total soluble solids con-
tents were about 5 °Brix.

The negative correlation between the
accumulation of pulp dry weight in fruit and
the mean daily temperature during bunch
growth confirmed previous results obtained
by other authors [19, 20]. At constant sun-
light and a 1030 dd temperature sum, Jullien
demonstrated that a 2 °C increase in mean
daily temperature led to a 5% decrease in
pulp dry weight [19]. According to Jullien
[19] and Marcelis [21], the fruit filling rate,
which is one determining factor of dry mat-
ter accumulation, should decrease with
increasing temperature when photosynthe-
sis is a limiting factor. Pulp dry matter, like
pulp dry weight, decreased with an increase
in mean daily temperature. However, we
observed a difference in dry matter between
the fruits from the highland site (Ajoupa-
Bouillon) and the others. Jullien et al
observed a decrease in pulp dry matter con-
tent after 1030 dd [22], which was not
related to starch hydrolysis. It is possible that
the decrease in pulp dry matter began
sooner in Ajoupa-Bouillon fruits. It would
be necessary to monitor pulp dry matter
content during bunch growth to clarify this
hypothesis.

The negative correlation between the
mean daily temperature and sugar contents,
which are the main components of total sol-
uble solids of ripened fruit, is certainly the
consequence of the links between temper-
ature and dry matter in green fruit. As starch
is the major component of dry weight in
green fruit, an increase in dry matter would
logically be accompanied by an increase in
starch, which is mainly converted into sugar
during ripening. Subsequently, the more
starch there is in green fruit, the more sugars
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would be expected in ripe fruits, particularly
glucose and fructose, whose concentrations
are maximum at full ripeness [23].

Climatic conditions, soil composition and
cultivation practices are known to influence
the chemical composition of fruits [24-29].
In our study, we attempted to reduce the
impact of certain factors such as water stress
[27] and fertilisation [25, 20] by irrigating dur-
ing dry periods and by applying similar
types and quantities of fertilisers at all sites.

Among climatic factors, temperature
could affect the chemical composition of
banana fruits. To our knowledge, a positive
correlation between mean daily tempera-
ture and phosphorus, magnesium and cal-
cium contents has not previously been
reported in banana fruits. However, Turner
and Lahav [30] found a similar effect of tem-
perature on nutrient concentrations in
banana leaves. These authors reported that,
under subtropical conditions, as tempera-
tures rose, absorption of nutrients in most
tissues increased more than might be
expected from a change in growth rate due
to an increase in temperature, while the effi-
ciency of their use for plant growth
decreased. These relationships between
temperature and mineral contents in banana
pulp could explain their high values in fruits
harvested during the hot period and at the
hottest site (Vauclin) in our study.

Other environmental factors such as the
chemical characteristics of the soil could
also affect the mineral composition of
banana fruits [28, 29]. The differences in cat-
ion contents, particularly calcium and mag-
nesium, among sites could be partially
explained by the nature of soil components
and nutrient concentration of the soil.

Fruits, vol. 64 (2)

Figure 5.

Correlation between mean daily
temperature during bunch
growth and the mineral
contents of green banana pulp.
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Vertisols, like those at the Vauclin site, have
a good storage capacity for cationic nutri-
ents, while andosols on ash and pumice, i.e.,
those at the Ajoupa-Bouillon site, have a low
cation exchange capacity [31]. At the Lamen-
tin site, the high exchangeable calcium con-
tents measured in the soil (table I could
explain their high values in the fruits. The
high manganese contents in fruits grown at
the Saint-Joseph site may be the result of
high concentrations of available manganese
in the brown rust to halloysite soil. When
studying variations in the susceptibility of
bananas to wound anthracnose, Chillet et al.
[1] showed that fruits produced on hal-
loysitic and ferrallitic soils presented high
manganese concentrations in peel.

5. Conclusion

Despite the difficulty in interpreting our data
due to possible interactions between differ-
ent factors, this study revealed differences
in the chemical composition of fruits linked
with climate and soil conditions. An exper-
imental study in controlled conditions is
now required to confirm their direct effects
and to identify the exact mechanisms
involved. Nevertheless, it is clear that these
relationships should be taken into greater
consideration when assessing banana qual-
ity. The specific environmental conditions in
highland areas warrant the creation of a
‘mountain banana’ label.
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Importancia relativa al lugar y al periodo de crecimiento de los regimenes de
banano frente a la composicion de los frutos en carbohidratos y en
elementos minerales.

Resumen — Introduccién. Se estudié en Martinica las relaciones existentes entre las condi-
ciones naturales de produccion (suelo, clima) junto con las caracteristicas quimicas de los bana-
nos, con el fin de alimentar una reflexion sobre la instauracion de un sello de calidad basado
en el origen y de ayudar a la gestion de la calidad. Material y métodos. Los frutos, producidos
en seis zonas lo mas diversas posibles, y durante tres periodos del ano diferentes, se cosecharon
en el mismo valor térmico y madurados bajo las mismas condiciones. Resultados. Las diferen-
cias de peso en seco y de composicion mineral de la pulpa de los frutos durante la cosecha fueron
mayores entre las zonas que entre los periodos. El peso seco de la pulpa fue mais elevado en
aquellos frutos cosechados en la zona en altitud que en aquellos frutos cosechados en llanura.
Los frutos producidos sobre suelos de tipo vertisol fueron mds ricos en calcio y en magnesio
que aquellos producidos sobre suelos de tipo andosol. Los frutos producidos sobre suelos par-
dos de halloysita fueron mas ricos en magnesio. Las diferencias del contenido en materia seca,
extracto seco soluble y dcido citrico en la pulpa de los frutos maduros fueron mas pronunciadas
entre los periodos que entre las zonas. Los bananos cosechados durante la estacion cilida y
himeda presentaron los contenidos mas flojos en extracto seco soluble y total. Los bananos cose-
chados durante la estacion fresca y seca fueron los mas ricos en acido citrico. El peso seco de
la pulpa, el contenido en materia seca de los frutos verdes, el extracto seco soluble asi como
las concentraciones en glucosa y fructosa en los frutos maduros disminuyeron con el aumento,
durante el crecimiento de los frutos, de la temperatura media diaria. Por el contrario, los con-
tenidos en fosforo, magnesio y en calcio de la pulpa de los frutos verdes aumentaron al mismo
tiempo que el aumento de la temperatura. Conclusion. Estos datos deberian tomarse en cuenta
para una comprension mejor de la elaboracién de la calidad de los bananos. Las condiciones
medioambientales especificas en altitud justifican la instauracion de una denominacion
« Montana » para el banano.

Francia (Martinica) / Musa (bananos) / caracteristicas del sitio / temperatura /

clima / tipos de suelos / pulpa de frutas / contenido de materia seca /
composicion aproximada
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