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CORRELATION BETWEEN INFLORESCENCE PHENOLOGICAL EVENTS OF1

MANGO (MANGIFERA INDICA CV. KENT)  AND SOME CLIMATIC2

PARAMETERS IN COTE D'IVOIRE3

ABSTRACT4

Aims: It was aimed to investigate the relationship between two climatic parameters,5

temperature and relative humidity, and the flower-cutting interval of mangoes tree cv. Kent6

Study design: The experimental design used was the completely randomized design with7

triplicate.8

Place and Duration of Study: The present research was developed in the Laboratoire de9

Biologie et Amélioration  des Productions Végétales, UFR Sciences de la Nature, Université10

Nangui Abrogoua, Côte d’Ivoire and in the Centre National de recherche Agronomique,11

Station de recherche  de Lataha (Lavononkaha), Korhogo, Côte d’Ivoire, between December12

2015 to January 2018.13

Methodology: One hundred (100) mango trees were chosen to constitute four blocks of14

mango trees cv Kent. Every three days, the phenological events were notified. Regular15

observations were performed to determine the time between the phenological events of the16

inflorescence. Thus, the inflorescence appearance and the first flower opening, the time17

between the first flower opening and the first fructification, in relation with temperature and18

relative humidity were determined.19

Results: It was not observed a negative correlation between temperature, time of20

inflorescence appearance and the first flower opening. Moreover, the relative humidity21

revealed a positive correlation with this time. In addition, the time elapsing between the first22

flower opening and the first fruiting is negatively correlated with temperature but positively23

with relative humidity.24

Conclusion: Negative correlation between the time elapsing from the inflorescence25

appearance and the first flower opening as well as the temperature. Furthermore, positive26

correlation between was revealed between the inflorescence appearance and the first flower27
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opening as well as the relative humidity. Similary, for the elapses delay between the first28

flower opening and the temperature. In addition, correlation observed between fruiting time29

and relative humidity was positive.30

Key words: temperature ; relative humidity ; inflorescence; flower opening; fruiting; mango31

tree cv. Kent32

1. INTRODUCTION33

The geographical distribution of plant species, vegetation types and agricultural cropping34

patterns shows a strong influence of climate on plant growth. Temperature, precipitation (humidity)35

and seasonal patterns are key determinants of plant development, from flowering to fruiting, through a36

variety of mechanisms [1]. In mango tree, seasonal cyclical changes in root, flower, fruit and their37

development depend on cultivars and climatic conditions. Varietal responses to the environment38

within and between mango cultivars explain their production performance [2]. A temperature regime of39

25˚C during the day and 15˚C during the night as prevails during this period was found to be the40

optimum for flower induction [4]. Flowering intensity of mangoes was found to negatively correlate41

with relative water content [4]. The knowledge of the phenology of other mango cultivars can be used42

for genetic breeding or even for cultivation in new planting areas and on the range of processes linked43

to agronomic management of the supply chain, it is important to know the periodic biological events44

involving the development of this species.45

Mango production accounts for approximately 36% of the worldwide production of tropical fruit46

[5]. Mango occupies a choice place in the economy of the populations living in the North of Côte47

d'Ivoire. This fruit, whose consumption was once mostly local, has been a significant source of foreign48

exchange since it was massively exported [6]. Currently, Côte d'Ivoire is the largest exporter of49

ECOWAS mangoes [7]. These mango exports generate foreign exchange and provide substantial50

income for producers [8]. The northern region (Korhogo, Ferkessédougou and Boundiali) is the main51

area of origin of mango for export [9]. The cultivar Kent originates from Florida and was introduced52

into Africa via the Foulaya experimental station in Guinea around 1950. From there, it was dispersed53

to other stations in western and central Africa. The fruits reach maturity in the middle of the season54

[10]. The flesh is firm and has a pleasant taste. This mango matures very slowly and gradually. Fruits55

that are harvested close to maturity can be stored for a long time at cool temperatures. The fruit's56

excellent sensory qualities, the firmness of its flesh and its gradual ripening are all equally attractive57
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features to retailers. Although it is difficult to grow, this mango is the standard in terms of quality on58

export markets. It depends heavily on  the nature of the soil, the climate and especially the59

inflorescence phenological events [11]. The Kent variety constitutes 60 to 70% of Ivorian mango60

exports [16]. Every year, the key actors in mango industry, namely producers and exporters, invest61

heavily in order to better organize harvest and export campaign, through which there is the control of62

the flower-cutting interval.63

The knowledge of the phenological events of mango tree and climate parameters can be used64

on the range of processes linked to agronomic management of the supply chain, it is important to65

know the periodic biological events involving the flowering development and fruiting. Considering that,66

the mango can get place in the Ivorian agricultural development and be an effective tool in the fight67

against poverty, assessment of inflorescence phenological events in relation with climate are68

essential for mastering the flower-cut interval displaying option for good programming of crops to69

export. Thus, this study aimed to evaluate the correlation between the inflorescence phenological70

events of mango cv. Kent and some climatic parameters in orchards in northern Côte d'Ivoire. This in71

order to help control the first section of the flower-cut interval which is the flower-set interval.72

2. MATERIAL AND METHODS73

2.1. Site of study74

The study was conducted from december 2015 to january 2018 in Lavononkaha (Korhogo),75

located in the North of Côte d'Ivoire located between 5 °15 W and 6°20 N longitudes, and  8°30 and76

10°25 N latitudes. The dry season is accompanied by the harmattan between the months of77

December and February as well as peaks of heat between March and April. The vegetation consists78

of grassy savannahs and trees. The precipitations varies between 1200  and 1400 mm. The choice of79

orchard was guided by the rigorous maintenance he received which earned him the global-Gap80

certification.81

2.2. Plant material82

The plant material consists of the inflorescence of the mango cv. Kent. (Figure 1). This variety83

accounts for 60-70% of Ivorian mango exports [6].84

85
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:

:Mango tree not selected

:Mango tree not selected

86

Figure 1. Inflorescences of mango tree cv. Kent87

2.3.  Selection of mango trees88

Approximately, 100 mango trees were chosen to constitute four blocks of mango trees (Figure89

2). The thirty-three (33) first mango trees in bloom within the orchard were selected for the different90

observations (Figure 3). The experimental design was randomized blocks with 33 plants. The91

experience has been repeated every year for three years. An automatic recording thermohygrometer92

(Tinytag), placed in the orchard, under cover, was used to capture the different temperatures and93

relative humidity.94

95

Figure 2. Position of the selected mango trees in orchard96

97

98

99

100

J

I

H

G

F

E

D

C

B

A

1 2 3 4 5 6 7 8 9 10
F
i
g
u
r
e

block 1 north block 2

block 3 block 4

UNDER PEER REVIEW



5

101

Figure 3. View of the study plot102

A : Alignment of mango trees from selected orchard, B: selected mangoes marked with string, C: selected103

inflorescences marked with string (orange string: selected inflorescences on 3rd day of selection blue string:104

selected inflorescences on day 5 of selection, yellow strings : selected inflorescences on the 6th day of105

selection); D: collar indicating the mango tree coordinates in the study orchard (M4G: mango tree on line 4 going106

east and on line G going north); d; day.107

108
2.4. Inflorescences selection109

Every three days, the inflorescences appearing on the selected mango trees in each block110

were chosen and to constitute the inflorescences groups according to their date of selection. The111

inflorescences selected on the same date were marked with string of the same color (Figure 3C). This112

made it possible to follow them and note the different dates of the phenological events.113

114
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A: Inflorescence newly appeared; B: first open flower within the inflorescence; inf: inflorescence; pe: petal; st:117

stamen; uof: unopened flower118

2.5. Determination of the phenological events time119

Regular and daily observations of the inflorescences at the same hours, made it possible to120

note their dates of appearance, dates of first flower opening within them and dates of first fruit set.121

Visibility flower bud on the date of our passage, is indexed as date of inflorescence appearance. The122

flower bud should also be about 2 cm high to be retained (Figure 5 A). A flower is considered open123

when at the date of our passage its stamens and pistil are visible and its petals open (Figure 5 B).124

The delays between these events have been obtained and translated into the following formulas:125

Del AI / POF = DPOF - DAI126

Del POF / PN = DPN – DPOF127

With Del = Delay; AI = appearance of inflorescence; POF = first flower opening within the128

inflorescence; PN = first set within the inflorescence; D = Date.129

2.6. Temperature and relative humidity130

2.6.1. Temperature and hygrometry recording equipment131

Temperatures and relative humidity were regularly recorded in 15 minutes using a Tynitag 2 Plus132

thermohygrometer. It was placed in a protective cap and then installed on the mango tree (Figure 6).133

The Tynitag explorer 4.9 software made it possible to recover the recorded data.134

135

136
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138

139
Figure 6. Use of thermohygrometer140

a: thermohygrometer; b: thermohygrometer placed in a protective cap;141

c: thermohygrometer installed on a mango tree142

2.6.2. Obtaining temperature and relative humidity variables143

Three days variation is applied during the inflorescences selection and makes it possible to144

appreciate the various temperatures or relative humidity acting on the inflorescences groups. The145
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average of temperatures as well as of relative humidity received by each inflorescences group during146

the delays between the different phenological events were calculated according to the following147

formulas:148

149
Tm (° C) = ∑j

i T (° C)150
N151

152
With Tm= mean of temperature; ∑j

i T = sum of temperatures recorded from the beginning of the delay153

until its end ; N = number of records.154

HRm (%) = ∑j
i HR (%)155
N156

157
HR : average relative humidity; ∑j

i HR : sum of the relative humidity recorded from the beginning of158

the delay until its end ; N : number of records159

160
2.7. Statistical analysis161

Data were analyzed using Statistica software (release 7.1). Spearman Rank correlation test162

followed by a comparison of means by Tukey HSD's test at the threshold 5% were used. Data are the163

means of three replicates.164

165
3. RESULTS166

3.1. Correlation between temperature, delay, inflorescence appearance and the first flower167

opening within the inflorescence168

Table 1 shows that the delay between the inflorescence appearance and the first flower169

opening within inflorescence, under the northern of Côte d'Ivoire conditions, lies between 8.92 and170

11.91 days. It also reveals that the times obtained according to the average temperatures which have171

occurred by the groups of inflorescences are significantly different. In each group, 58 inflorescences172

were observed. Except the group 1 of inflorescence (Inf 1) which obtained a short time, longer times173

were obtained with groups of inflorescences which received the smallest average temperatures (Inf 4,174

Inf 2, Inf 3 and Inf 5). As for the shorter times, they were obtained with groups of inflorescences which175

received the highest average temperatures (Inf 9, Inf 8 and Inf 7). Analysis of these results by the176

significant Spearman Rank Correlation test marked at p <.05 gives a correlation coefficient of -0.867177

(data not shown). This coefficient, which is close to -1, reveals the existence of a negative correlation178

between the ambient temperature and the delay between the inflorescence appearance and the first179
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flower opening within this one. In addition, the various phenological events that appeared, such as180

inflorescences, flowers and fruiting bodies are shown in Figure 7.181

Table 1. Time between inflorescence appearance and first flower opening in relation182

temperatures183

Group of

inflorescences

Temperature (°C) Delay (days) Effective

Inf 1 25.89 ± 0.14a 09.16 ±  3.57A 58

Inf 2 2557 ± 0.20b 11.10± 2.30B 58

Inf 3 25.78 ± 0.31c 11.38 ± 2.70C 58

Inf 4 25.44 ± 0.37d 11.91 ± 2.94D 58

Inf 5 25.80 ± 0.33e 11.27 ± 2.26E 58

Inf 6 25.98 ± 0.53f 09.92 ± 2.06F 58

Inf 7 27.63 ± 0.14g 09.14 ± 2.01G 58

Inf 8 28.46 ± 0.08h 09.53± 2.46H 58

Inf 9 28.54 ± 0.05i 08.92 ± 2.44G 58

184
Inf : group of inflorescences followed by the rank of selection day. Values represent the mean of triplicates. In a185

column, values followed by the same letter are not significantly different (test of Tukey HSD at 5%).186
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Figure 7. Different phenological events of mango tree cv. Kent197
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A: newly emerged inflorescence; B: 6-day inflorescence; C: 10-day inflorescence; D: 17-day inflorescence; Ninf:198

new inflorescence; UOF: unopened flower; FOF: first opening of flower within the inflorescence; FFI: first fruit set199

within the inflorescence200

3.2. Correlation between relative humidity, time of inflorescence appearance and first201

flower opening202

The relative humidity received by the groups of inflorescences as well as the times are203

significantly different (Table 2). It is also observed that the shortest times were obtained with the204

groups of inflorescences which received the smallest relative humidity (Inf 1, Inf 7, Inf 8 and Inf 9).205

The long times were obtained with the groups of inflorescences which received the highest relative206

humidity (Inf 2, Inf 3, Inf 4 and Inf 5). The significant Spearman Rank Correlation test marked at p207

<.05 indicates a coefficient of 0.767 (data not shown). This coefficient, which is close to 1, reveals the208

positive relationship between these twice parameters.209

Table 2. Time between inflorescence appearance and first flower opening in relation with210

relative humidity211

Group of

inflorescences

Relative

humidity (%)

Time (days) Effective

Inf 1 23.06 ± 0.88a 09.16 ±  3.57A 58

Inf 2 25.09 ± 0.69b 11.10 ± 2.30B 58

Inf 3 24.88 ± 1.80c 11.38 ± 2.70C 58

Inf 4 28.14 ± 1.53d 11.91 ± 2.94D 58

Inf 5 32.86 ± 2.34e 11.27 ± 2.26E 58

Inf 6 3058 ± 2.57f 09.92 ± 2.06F 58

Inf 7 21.87 ± 2.04g 09.14 ± 2.01G 58

Inf 8 22.08 ± 0.51h 09.53 ± 2.46H 58

Inf 9 20.49 ± 1.05i 08.92 ± 2.46G 58

212
Inf : group of inflorescences followed by the rank of selection day. Values represent the mean of triplicates. In a213

column, values followed by the same letter are not significantly different (test of Tukey HSD at 5%).214

215

216
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3.3. Correlation between temperature, time, inflorescence appearance and first flower217

opening within the inflorescence218

Table 3 show that the temperatures received by the groups of inflorescences as well as the219

delays are significantly different from each other. In addition, the longest times were obtained with the220

groups of inflorescences which received the smallest temperatures (Inf 1, Inf 2 and Inf 4). Relative to221

short times, they were obtained with groups of inflorescences which received the highest222

temperatures (Inf 9, Inf 8 and Inf 10). The significant Spearman Rank Correlation test marked at p223

<0.05 indicates a correlation coefficient of -0.830 (data not shown). Otherwise, this coefficient which is224

close to -1, reveals the existence of a negative relationship between these two parameters.225

Table 3. Time between first flower opening and first fruit set in relation to temperatures226

Group of

inflorescences

Temperature (°C) Time (days) Effective

Inf 1 25.83 ± 0.13ac 11.85± 1.87A 55

Inf 2 25.98 ± 0.15b 09.71 ± 1.34B 55

Inf 3 26.03 ± 0.50b 07.34 ± 2.91C 55

Inf 4 25.79 ± 0.46a 09.11 ± 3.15D 55

Inf 5 25.85 ± 0.65c 08.40 ± 1.90E 55

Inf 6 27.61 ± 0.18d 08.21 ± 2.08F 55

Inf 7 28.35 ± 0.03e 06.10 ± 1.30G 55

Inf 8 28.50 ± 0.10f 06.65 ± 2.58H 55

Inf 9 28.68 ± 0.13g 06.24 ± 2.07I 55

Inf 10 28.36 ± 0.14e 05.46 ± 1.42J 55

227
Inf : group of inflorescences followed by the rank of selection day. Values represent the mean of triplicates. In a228

column, values followed by the same letter are not significantly different (test of Tukey HSD at 5%).229

3.4. Correlation between relative humidity, delay, first flower opening within the230

inflorescence and first fruit set within the inflorescence231

The results show that relative humidity received by the groups of inflorescences as well as the232

delays are significantly different from each other (Table 4). Similarly, the longest delays were obtained233

with groups of inflorescences that received the highest average relative humidity (Inf 1, Inf 4, Inf 5 and234

Inf 6). As for the shortest delays, they were obtained with groups of inflorescences which received the235
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lowest relative humidity (Inf 9, Inf 8 and Inf 10). In addition, the significant Spearman Rank Correlation236

test marked at p <.05 indicates a coefficient of 0.721 (data not shown). This coefficient, which is close237

to 1, reveals the existence of a positive relationship between these two studied parameters.238

Table 4. Time between first flower opening and first fruit set in relation with relative humidity239

Group of

inflorescences

Relative humidity (%) Time (days) Effective

Inf 1 27.61 ± 0.23a 12.85 ± 1.87A 55

Inf 2 23.88 ± 0.60b 10.71 ± 1.34B 55

Inf 3 26.43 ± 3.13c 08.34 ± 2.91C 55

Inf 4 31.52 ± 3.54d 10.11 ± 3.15D 55

Inf 5 36.04 ± 2.23e 09.40 ± 1.90E 55

Inf 6 31.35 ± 2.57f 09.21 ± 2.08F 55

Inf 7 22.38 ± 0.29g 07.10 ± 1.30G 55

Inf 8 21.03 ± 0.90h 07.65 ± 2.58H 55

Inf 9 19.18 ± 1.28i 07.24 ± 2.07I 55

Inf 10 16.06 ± 0.07j 06.46 ± 1.42J 55

240
Inf : group of inflorescences followed by the rank of selection day. Values represent the mean of triplicates. In a241

column, values followed by the same letter are not significantly different (test of Tukey HSD at 5%).242

4. DISCUSSION243

The results of study reveal the existence of a negative correlation between the temperature244

and the time elapsing from the inflorescence appearance to the first flower opening. The smaller245

temperatures that reduce the time between these two phenological events of the inflorescence246

suggest an influence of temperature on the events that mark the beginning and the end of this delay.247

In fact, flowering or inflorescence appearance, which is the event of the beginning of the time, is248

under the influence of temperature as reported by several studies [12-14]. Moreover, the works of249

Joubert et al. [15] and Muhammad et al. [16] that mango bloom is due to stress caused by low250

temperatures. Thus, there is a negative allometric relationship between the temperature and the time251

elapsing from the inflorescence appearance to the first flower opening [17; 18]. In addition, the flower252

opening is also influenced by the temperature. Indeed, under the temperature effect, the differential253

growth of flower between the inner face and the outer face causes the opening of the latter [19-22].254
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Similarly, Patrick [23] reported that flower development is influenced by sufficient temperatures. On255

the other hand, the results revealed the existence of a positive relationship between the relative256

humidity and the time elapsing from the inflorescence appearance to the first flower opening. These257

results indicate that relative humidity is another important factor influencing the development of258

mango inflorescences, including the inflorescence appearance and the flowers opening [18; 24; 25].259

Indeed, inflorescences development requires a high relative humidity in order to reduce the energy260

losses caused by perspiration [26; 27]. Conversely, a low relative humidity will slow down the261

development of those. Moreover, relative humidity influences the inflorescences appearance by262

vernalization. This phenomenon which is a period of low temperatures and high relative humidity,263

seems to start the inflorescences appearance. Moreover, Ietswaart et al. [28] showed that, in264

normally, the Flowering Locus C (FLC) gene prevents flowering [29; 30]. However, prolonged265

exposure to low temperatures, and high relative humidity, induces the accumulation of a protein called266

Vin3 (Vernalization Insensitive 3) within the cells of the plant whereas Vin3 causes the inactivation the267

FLC gene, and would start flowering [31-33].268

Once the opened buds, the young flowers bloom and can be fecundated to give a young fruit269

[34; 35]. However, this study reveals that the times elapsing between the first flower opening at the270

level of the inflorescence and the a young fruit appearance is negatively correlated with temperature271

[18; 36]. Indeed, high temperatures reduce the time while the low ones lengthen it. Thus, this result272

shows that temperature affects fecundation and fruiting. In addition, several studies reported a strong273

influence of temperature on pollen production and pollen tube growth [37-39]. However, except274

for this physical parameter, it is worth noting that fructification, which is a phenological phenomenon,275

is also linked to the action of pollinating insects [40; 41] because in mango flowers pollination is276

primarily entomophilous and crossed [42] .277

Relative humidity is positively correlated with this time. Indeed, the longest times were278

obtained with the inflorescences groups which received the highest relative humidity while the short279

times were obtained with that received the lowest relative humidity. In addition, sugars are the major280

constituents of nectars and therefore represent the main energy supply for pollinators [43]. An281

abundant nectariferous secretion rich in sugars assures an important frequentation of the trees by the282

insects and, at the same time, makes it possible to obtain better seed yields [44; 45]. As a result, the283

flowers frequentation by pollinating insects also relates to the sweet taste of nectar. However, a high284
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relative moisture could reduce the “sweet” taste of nectar (to dilute), and therefore limit pollinating285

insects visitation [46]. This has the consequence of delaying fertilization, thus to lengthen this period286

of fruiting. On the other hand, a lower humidity will allow to have a less diluted nectar so sweeter this287

would cause a much greater attraction of insects [41] and thus to support fecundation quickly, thus288

shorten the fruiting time.289

5. CONCLUSION290

The study highlighted a negative relationship between the time elapsing from the291

inflorescence appearance and the first flower opening as well as the temperature. Inflorescence which292

received the lowest temperatures had the shortest time between these two phenological events of the293

inflorescence. In contrast, the inflorescences that received the highest temperatures had much longer294

times between the inflorescence appearance and the first flower opening. In addition, the study295

revealed the existence of a positive correlation between the relative humidity, the elapsing delay296

between the inflorescence appearance and the first flower opening. It is the same for the elapses297

delay between the first flower opening and the temperature. On the contrary, a positive correlation298

between this fructification time and the relative humidity was observed.299
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