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ABSTRACT

A study of flower biology on Vitellaria paradoxa svaarried out in the Sudano-Guinean zone of Cameroo
Phenological data was collected and specimen issgaggtured. It was noted that the shading of leafastellaria
paradoxa was from November to January accordingqhttividuals. Preflowering last for about four weedsd is
characterised by different morphogenetic phasems filoe apparition of a flower bud to the fall of otha. Vitellaria
paradoxa flowers between November and June usoallgafless branches. Flowering is influenced bggerature
and during flowering period, relative humidity mw. The anthese period oscillates between 18 arttbR8s. More
than 54.22% flowers complete their anthese procEes.fruit bearing, the treatment effect is higtdignificant
(P>0.001). 2616 visits of 45 species of insectseweszgistered on Vitellaria paradoxa flowers duriribe
observation period.

Key Words: Flower biology,Vitellaria paradoxa floral entomofaune, Cameroon.

INTRODUCTION

Vitellaria paradoxacommonly called shea butter is a Sapotaceae witiddous leaves in African Savannah. The
average height of the tree is 15m. The area ofilligion stretches from Senegal to Sudan througim€zuBissau,
Sierra Leone, lvory Coast, Ghana, Togo, Benin, BarkFaso, Niger, Nigeria, Chad, Central Africa Riglc and
Cameroon [1, 2, 3)Vitellaria paradoxais a tree with a socio- economic interest [4,B]e vegetative apparatus
secrets white latex. All its parts are valoriseshirthe fruit with an ellipsoid shape of 5 to 8 a@nd weighing 21g is
the most utilised. The pulp with 33 to 75% of theat weight of the fruit is eaten raw while the dé® used for the
production of oil with multiple virtues (food, meital and cosmetic) [6, 7] the seed contains 486 &&s and 9%

of proteins [8, 2]. In the Sudano-guinean Savankib|laria paradoxais among the species with high added value
because of its butter whose commercial value isnegligible 2.29 — 5.34€ a Litre [9]. It thereforenstitutes a
potential market for peasants with low incomes 0/t is confirmed that the tree has a long vatie¢ period (at
least 15 years) consequently, the only initiativeyt have is limited at protecting the stems dutimg clearing of
farms [8, 11]. This species is one of the mostrisdal fruit tree by the local population of the &awah zones [11].
Many studies have already been carried on thigt pl#h16]. Studies on leave shading, flowering &mit bearing

of Vitellaria paradoxahas been carried out in the Uganda Savannah DE&jpite the numerous studies carried out,
there is very few data on flower biology in ecokmjiconditions of the Sudano- Guinean zone of Caorer

According to horticulture technicians, in othersatisfy the production of ochar (high output, regtiarvest and

obtaining good quality fruits) it is indispensalite master the flower biology of this specie. Thgeobive of this
research is to analyse the reproductive biologyVitllaria paradoxa with the perspective of developing
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domestication strategies of the plant. More spediff to determine the flowering and anthesis pkrimake an
inventory of floral entomofauna in order to ideptifie insects that intervene in pollination.

MATERIALS AND METHODS

Study site

This study was carried out in the two zones preskmm figure 1. The Guinean zone of Ngaoundere thed
Sudanian zone of Garoua. The two zones extends labiade 7° to 10° north of the equator. The ctinaf the
Sudanian zone is made up of two seasons: a drgrsedsix months from November to April and a raseason
from May to February. The average temperature € 3@ainfall is less than 1000mm. The Savannahdderup of
Combretaceae. The soil is composed of dune, semestone and clay [17]. The Guinean zone of Ngaetmdlso
has two seasons: a dry season of five months fromeiber to March and a rainy season from April tdober
[17, 18]. The savannah is dominated bgniellia oliveri (Fabaceae Caesalpinoideae) dmphira lanceolata
(Ochnaceae). The Andropogoneae represents 70% difettibaceous stratum [17]. The vegetation is audarous
and lateritic soil.

| REPUBLIQUE DU CAMEROUN
(Regions)

‘Source ;- Cate roubere du Cameroun, N, 1985 Realisce par : TOUMBA O, juilet 2012

Fig. 1 : Map presenting the two study zones

Observations were carried out from November 201Batoruary 2011 in the Guinean zone notably in #r@peries
of Ngaoundere, then from February to June 201thémeriphery of Garoua in the Sudanian zone. Ih eathe two
climatic zones three localities were randomly cimoSkhe observations were therefore carried in toalities of
Bini, Dang and Borongo in the Guinean zone andgoriy, Tongo and Djalingo in the Sudanian zone.tAl tof 90
Vitellaria paradoxaplantsthat is 15plants per locality were followed up.

Labelling and follow-up of trees

Tagging consisting of tieing plates with numbersl éme name of the locality on one of the branchethe tree
using a rope. The data from the tagged trees wellected simultaneously or separated in time. ldeorto
understand the leaf shooting, flowering tree sterasee chosen from the tagged trees in each locdliybuds of
flowers were chosen at different positions at uggeet of the tree (North, South, East, West, sunamit base). The
number of leaves on each bud was counted. Obsemgatiere carried out on branches that had nothgtestheir
leaves. During the flowering period the numberlo#vering spots formed on each bud was evaluated.

In order to determine the flowering period, theelddd trees were visited every day and the observatf flowers
and insects was carried out during the month ofrlely in the two zones. Data on the growth and éow
morphogenesis were collected through simple obtiervaThe data collected was on the number of fiivege
plants at the end of each week. The total numbérsafcts found on the flowers during the observagieriod, the
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different groups of visiting insects or not. On fledd, specimens were captured with the aid ofamet taken to the
laboratory for identification and conservation.

Inventory and identification of floral entomofauna

An inventory of insects that visite¥itellaria paradoxatree was made. Counting was done alongside the
determination of the flowering period. Observatieere carried out in November to December in then€am zone,
February to March in the Sudanian zone orVvi6llaria paradoxatrees; 10 for each zone. Notes were taken every
four days for seven hours at different intervals7&m, 8- 9am, 10- 11am, 12- 1pm, 2- 3pm, 4-5pn7,pBa. During

the counting period, the number of individuals capd with hand or with the aid of a net were comsérin 70°C
ethanol while butterflies were conserved in paperthe end of the inventory of insects, their idfécation was
carried out in the Biology Laboratory of the Unisity of Ngaoundere.

Evaluation of Vitellaria paradoxa’s yields

The evaluation of the yields was done in all thealties that is Bini, Dang and Borongo (Ngaounjefengo,
Djalingo and Ngong (Garoua). Three treatments warged out in eacNitellaria paradoxatree at each locality.
The first treatment (Tp) consisted of covering flogver with cloth so that no insects can pass thhodrhe second
treatment (Tg), the flowers were covered with cletintaining holes that ants could pass through; tkiirel
treatment (Tm) was the reference tree uncovered.rélative impact of each insect visits was catedldollowing
the method used by Bétayéné [19]. The relative odtiuctification as a result of visit of each @ (Fr) was
estimated using the formula : Fr =[ Fi x Vr] / Mihere Fi is the fruiting rate due to all flower itilsg insects
identified; Vi is the visit rates of all insectsted on flowers and Vr is the visit rates of eadifeo of insects. The
fruit obtained were collected and counted in eachlity of the two zones.

Collection of eco-climatic data
Meteorological data on temperature and rainfalleaastained from ASECNA in Garoua and to the metegioal
service of Ngaoundere Airport.

The analysis of statistics
Descriptive statistics with the calculation of aages and frequencies were used to analyse theTthtaChi Square
was used to compare the percentages, the propabilitined was P<0.05 to P>0.01.

RESULTS AND DISCUSSION

Leaf shading ofVitellaria paradoxa

Leaf shading ofVitellaria paradoxairrespective of the zone starts from November aoudry according to
individuals. Leaf shading does not take place atdhme time on the branch. The period of leaf sigadaries
according to individuals and also in function ofibches on the plant. The shading of leaf stareaity November

in Ngaoundere and in Garoua late December. Itésqued by the generalised yellowing of the leaVbss result
corresponds to those obtained by Okullo [16] inWlyandan Savannah where leaf shading increaseerember

to February. Leaf shading on some branches ofinardividuals is precocious. As such it is possithat a tree at
the same moment can have young shots, yellow leaveshading phase, open, closed flower and friités
variable is corroborated with the result of Maporetsem [20] who had already signalled that leaf sttad
flowering relationship was not evident in some tcaptrees. In the two zones, the flowering of sihea tree is on
completely or partially leafless trees. This obaébn was equally made by Sa#é al. [16] in the course of their
study on this tree which is a potential wealitellaria paradoxais unequally distributed, they are abundant in the
Garoua than in Ngaoundere site. Agropastoral dietsvhave a negative effect on the environmentistitteatening
particularly species whose regeneration is diffiq@1]. Harault [22] and Tchotsoua [23] has indezhtthat
anarchical rearing of animals has led to a profomatiification of the vegetal cover in the past y@ars. The
unsustainable use of pasture in Adamawa is alreagyoblem. It has neither method nor any concem fo
conservation; this has led to overgrazing whichdsased serious degradation of the soil.

Development ofVitellaria paradoxa flowers

Growth of flower buds

The development of flowers are observed directly @ncharacterised by different morphological plka3de first

phase that last for about three weeks consisteoptliting in place at the summit of branches tisigckerical floral

buds carried by short peduncle. The number of flouals varies from 40 to 200 according to branchiée. size of

the floral bud also varies according to the apjmarion the corymb. The grey part of perianth isvfed and an
imbricate preflowering. More than 60% of the tditalal buds formed falls after their developmeiistleads to a
considerable loss of flowers and later of fruitd%8is caused by the attack of biting or suckingats. The second
phase last for about one week the peduncle lengthad the size of the buds increases. The calyxsgifirtied
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together presents a greenish colour and longitudiehiscence lines starts to form between the sefpéle floral
bud that reaches this stage generally reachesnthese. The third phase is more discrete and dasaldout four
days. The base of the spherical bud increase byeirecreasing the size of the flower.

Morphogenesis of the flowers

At the fourth stage, the pistil emerges from thensiit of the floral bud and increases in length tloree days.
Whitish corolla appears from the gaps between ¢pals five hours before the effective opening efflowers. At
the fifth stage the petals opens at the upper stirfonining a tube with a small orifice with eight gseheel
petaloides staminodes. The corolla tube enlargegressively and this lead to the turning down @& gerianth.
About 45 minutes after the opening of a flower #mher regroups around the pistil and then a lodgigl gap
opens on the internal face thus liberating pollewgber. The stigma remains on top of the regroupebeas. The
dimension of the floral parts at this stage arey/wégnificant. The diameter of a corolla tube i 3.0.28 cm, the
number of ovary loges is 5.56 + 0.46; the lengtitgle is 2.89 + 0.04 cm; the style measures 383 cm and the
length of stamens is 2.89 + 0.04 cm. The last stdgeh corresponds to the falling of floral parstl for an average
of three days in the Guinean Savannah and for agéndthe Sudanian Savannah. The calyx part tigateand the
ovary causing the direct corolla to come out withngens. The pistil disappears a few days afterfatieof the
corolla. The development &fitellaria paradoxaflower in a process that last for about four wekekim the effective
apparition of the influential bud to the fall ofetlcorolla.

Flowering of Vitellaria paradoxa

The flowering period oWitellaria paradoxais represented by figures 2 and 3 respectivelyter Sudanian and
Guinean zone. They are well spread throughout #e yn the Sudanian zone of Garoua with five momths
flowering from February to June. In this zone, pleak of flowering is in March, seconded by the rhasftFebruary
with 57.5% to 17.5% of the 45 trees studied in #uge. In the months of April, May and June onhy féitellaria
paradoxaplants have flowers with 7.5%, 10% and 7.7% respelgt for the 45 plants considered in this zone. On
the other hand in the Guinean zone of Ngaoundkeeflobwering period covers four months from Novemtme
February. The highest percentage of flowering iDatember with 52.62% of trees considered. The hsoof
January has 23.6%. The months of November and &egbragistered 2.63% and 5.26% respectively forplhats
with flowers. Flowering period vary in function tife zone considered.

The results obtained in Guinean zone resemblecthAtamou [24] in Burkina Faso and Nyomo [12] wharreed
out research in Guinean Savannah zone of Ngaount@lbey indicated that the flowering period ‘ditellaria
paradoxais between December and January. These resultlalse to those obtained by Salléakt[4] on their
research on Shea tree a potential wealth and tfaS&ullo etal. [16] in Ugandan savannah where flowering starts
from November and continues to April and some s®esiarts in May. The flowering peak is situatetiveen
January to February during the dry season.
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Fig. 2 : Flowering period in the Sudano zone of Gaua
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Fig. 3: Flowering period in the Guinean zone of Nagoundere

Leaf shading-preflowering relationship

Leaf shooting and leaf shading ditellaria paradoxais generally linked to flowering in the two studgnes. The
higher the number of leaves on the branches, #etgrthe number of floral buds. Leaf shootingrirgéaes in floral
induction in Vitellaria paradoxa This result confirms Gautier [25] hypothesis whistipulates that leaves
synthesises organic matter whose proportion shalwdys be above those of nitrogen elements, iffloodal bend
will be disturbed. The position of branches equplbys role in the flowering-leaf shading relatigmenomenon. In
effect, it was noticed that the lower branchesheftree had the tendency of maintaining their lsareshaded them
much more later while the upper branches shadé@dd¢aees faster. All the lower branches did nairtfeuits.

Eco- climatic characteristics

The eco- climatic characteristics noted were tewripee and relative humidity. They have been sunsadrin
figures 4 and 5. The temperatures are higher irStidanian zone of Garoua and vary between 24.33.40°C.
While in the Guinean zone of Ngaoundere, tempeeatare much lower between 19.31 to 23.45°C. Duitireg
flowering months the average temperature is 20.28°Guinean zone and 30.1°C in Sudanian zone. Hemnney
increase regularly during the flowering period imd&nian zone of Garoua while in the Guinean zorégaioundere
the temperatures remains more or less constant fhenfirst to the last month of flowering. This teemature
variation was also observed by Okulloa¢t[16] ranging from 15 to 33 °C throughout the ydaare by influencing
leaf shooting, flowering and fruit bearing dftellaria paradoxasubsP. Nilotica in the Ugandan Savannah.
Flowering is positively and imperfectly correlatiedhigh temperatures (r= 0.41).
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Fig.4 : Temperature (T°) and relative humidity (HR) in the area of Garoua
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Fig. 5 : Temperature (T°) and relative humidity (HR) in the area of Ngaoundere¢
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Fig. 6 : Variation percentage of anthesis rate inVitellaria paradoxa in both Sudan andGuinean zones

Relativehumidity drops considerably in all the zones dutting flowering period from 66.15 to 39.35% in Gun
zone of Ngaoundere from 27.30 to 60.55% in the SudaniarGafoua. The lowest RH registered during
flowering period is 16.85% in March in Garoua ard3%% in February in Ngaoundere. The highest istegd in
November with 66.5% in Guinean zone on Ngaoue and 55.05% in March in Sudanean zone of Garoha
average RH is 30.72% and 50.8% in Garoua and Ngkoarrespectively. It should be noted that flowgiim the
two zones takes place when humidity is low. In @aim zones, the fall in humidity is pressive from September
(88.37%) to February (39.35%). Humidity rate in Beber is 49.9% and corresponds to the period df
flowering. In the Sahelian zone the drastic dropumidity is observed from September to March gith55% anc
16.85 respectivgl The month of March with low relative humidity§B5%) correspond to the periods wh
flowering reaches the peak. The rate of humidiat flermits flowering therefore varies in functidrtte zone. Thi
results ties with that of Mapongmetsem [20]the forest zone of Cameroon. The percentage of tnéh flower
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from the flowering period during the years is oe tlwhole higher in Sudanian zone than in Guinearezdhis
corroborates Bonkoungou [21] predilection zonehsf shea tree which is situated between 11° and\léhere
optimum temperature vary between 24- 32°C.

Anthesis period

The anthesis period according to Kengue [26] cpord to the opening of flowers. It oscillates besawd 8 and 23
hours in the two zones (fig. 6). Of the 45 treagdi®d in each zone 535 and 1544 flowers buds weuated
respectively in Ngaoundere and Garoua. 54.22% 2mB66 terminated the anthesis process in the sahetines

as against 45.78% and 37.52% in the Guinean zondlgaoundere. The most important anthesis period was
registered at the interval between 8pm- 9pm witll 4% of the total of 131 floral buds within thigg interval,
followed by the 7pm- 8pm interval with 33.1% of tB6 floral buds. From 6pm- 7pm and 9pm- 10pm veny f
Vitellaria paradoxafloral buds reaches anthesis. In the two siétgllaria paradoxaflowers enter anthesis only
after 10pm. However, the best anthesis period & ttho zones starts from 7pm to 9pm. This time irger
correspond to the period when the temperaturea hielow and clouds present.

In agroforestry, the identification of anthesisipdris very important because it is at this montbat the stigmata
are most receptive to allow effective pollinatiarhe manual pollination applied by Kengue [26] Dacryodes
edulis proved that the flowering rate was maximum whelinagion was done during anthesis when compared to
those realized 24 h before or after anthesis. [Qutiiis period, the visit of nocturnal insects wasearved on all
flowers, which might mean that the anthesis peisoduring this time interval. It was noticed thiaé tlife span of a
flower is about 14h, after this time, it losesadtr@la and can no longer be visited by insectss therefore logical
that pollination takes place in the night or eamlyhe morning in Garoua because insects don't flsivers without
corolla. Given the fact that the perfume emittedHsy flowers during the anthesis period attractemnsects during
this period, this therefore justify why night insetave great role iWitellaria paradoxapollination. These results
are in accord with those of Bonkongou [21] in tleeng zone who noted that pollination Viitellaria paradoxa
interest mostly insects with nocturnal activitiestibose which are active in the early hours of th@ning. The
longest style observed in this species confirmsgieat role of cross pollination that involves mamflinating
agents among which insects.

Floral entomofauna ofVitellaria paradoxa

A total of 2616 visits of 46 species of insectdbligal) were registered oviitellaria paradoxaflowers in the two
zones, that is 1395 visits for 38 species of irsactGuinean zone of Ngaoundere and 1228 for 48ispef insects
in Soudanean zone of Garoua (table 2). The numbigsect visit is low from those obtain by Famenial. [27];
they count 4585 and 4358 visits of five and teretspecies recorded @allistemon rigidudlowers in 2009 and
2010.

The species of insects which vifitellaria paradoxaflowers are grouped in seven orders: Hymenopt@taptera,
Coleoptera, Dictyoptera, Hemiptera, Diptera andidleptera. The Humenoptera are the most frequert 2445
visits in the two zone that is 1293 in Ngaounderd 4152 in Garoua, 49.42% and 44.03% respectiveln fthe
total of 2616 visits (table 2). Others are lesgespnted with less than 30 visits. However, thedification of
insects was highly observed in Garoua with 91.3%ampared to 82.6% of the total number of inseotsnted,
(table 2). In Hymenoptera order, three super familvere noted: Formicidea, Vespidae and Apoidaefasiilies
(Formicidae, Vespidae, Anthophoridae, HalicitidApidae and Megachilidae) regroups 15 species. Theidae
super- family was the most represented in ternth@humber of species (table 1) with six specidgh W% of the
fifteen species of Hymenoptera, followed by Foruiée with five species and Vespidae with four spethat is
33.3 and 26.7% respectively.

Table 2 : Distribution of insects depending on thepecies and number of visits oNitellaria paradoxa flowers

zones Coleo] Dictyd Dipté Hen]li Hyme Lepido Ortho alghber)
%
Garoua Species 16,66 2,38 19,04 7,14 30,96 16,66 7,14 42
Visits 1,46 0,57 1,54 0,24 93,81 2,0 0,32 1228
Ngaoundere| Species 21,05 2,63 21,05 0 394y 15,78 0 38
Visits 1,36 0,35 4,22 0 92,68 1,36 0 1395

(Coleo: Coleoptera ; Dictyo: Dictyoptera ; Dipte:ijfiiera ; Hemi: Hemiptera ; Hyme: Hymenotera ; Ledpi Lepidoptera; Ortho: Orthoptera).

In this group, the Apidae have a very high proportof visits (204) that is 65.8% of the 310 vigifsApidae in
Ngaoundere (table 3) while in Garoua it is Haligd&5) visits followed Apidae (92) respectively wi31.35% and
30.16% of the 303 visits in Garoua. The most fregyespecies in all zones (table 3) wef®mponotussp,
Paratrechina logicornis, Apis mellifera, Crematogasp with 945, 456, 296 and 228 visits respectively tisat
38.68, 18.66, 12.11 and 9.33% for the 2445 viditdyonenoptera.
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Table 1 : Distribution of common insect species o¥itellaria paradoxa flowers based on the number of visits, time of vis and

food foraging in the Garoua and Ngaaulere zones (N: night; D: day; ND: night-day; PN pollen-nectar; N: nectar; PL: phytopageous-
leave; Cn: nectariferous-carnivorous)

orders Super- families Genus and species Cumulative insect visits in both zones|  Visits of insects in the Ngaoundere zong Visits of insects in the Garoua zone Periods food
families 46) (2616) (1393) (1223 visits collected
Nombres % Nombres % Nombres %
Camponotus sp 842 31,18 366 26,27 476 38,92 ND PN
Formicidea Formicidae Camponotus brutus 103 3,93 54 3,87 49 4,00 ND Cn
Crematogaster sp 228 8,71 128 9,18 100 8,17 ND PN
Polyrachis sp 130 4,96 93 6,67 37 3,02 ND N
Paratrechina 456 17,43 300 21,53 156 12,75 ND N
Hymenoptera longicornis
Belonogaster juncea 42 1,60 23 1,65 19 1,55 D PN
Vespoidea Vespidae Philanthus triangulum 27 1,03 17 1,22 10 0,81 D PN
2sp 2 0,07 2 0,14 0 0 D P
Anthophorida Xylocopa sp 61 2,33 35 2,51 26 2,12 D PN
Ceratina sp 53 2,02 12 0,86 43 3,51 D P
Apoidea Halictidae 2 sp 115 4,39 20 1,43 95 7,76 D PN
Apidae Apis mellifera 296 11,31 204 14,64 92 7,52 D PN
Megachilidae 1sp 88 3,36 39 2,79 49 4,00 D P
Orthoptera - Acrididae 2sp 2 0,07 0 0 2 0,16 ND -
Tettigoniidae 1sp 2 0,07 0 0 2 0,16 ND -
Cocciniliidae 2sp 6 0,22 4 0,28 2 0,16 ND P
Scarabeidae 1sp 8 0,30 0 0 7 0,57 D PL
Coleoptera - Lycidae Lycus latissimus 4 0,15 3 0,21 1 0,08 D N
Lytus sp 5 0,19 3 0,21 2 0,16 D N
Curcuhonidae 2sp 2 0,07 2 0,14 0 0 D N
Autres 2sp 12 0,45 7 0,50 5 0,40 D N
Coleopteres
Dictyoptera Mantidae Mantis reliogiosa 12 0,45 4 0,28 7 0,57 ND -
Hemiptera Pentatomidae 2sp 2 0,07 0 0 2 0,16 D -
Autres Hemiptera | 1 sp 1 0,03 0 0 1 0,08 D P
Muscidae Musca domestica 33 1,26 28 2,01 4 0,32 D N
Diptera Syrphidae 2sp 13 0,49 9 0,64 6 0,49 D P
Crysididae 2sp 8 0,30 4 0,28 4 0,32 D N
Calliphoridae 2sp 17 0,64 15 1,07 1 0,08 D N
Moustigues 1sp 5 0,19 2 0,14 3 0,24 N N
Lepidoptera Nymphalidae Junonia oenone 3 0,11 0 0 3 0,24 D PN
Sphingidae 4 sp 23 0,87 13 0,93 10 0,81 ND PN
Lycaenidae 2sp 18 0,68 6 0,43 11 0,89 D PN
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The other species were less represented with hess8% of the visits. O@allistemon rigidusFameniet al. [27]
noted thatApis mellifera adansoniwas the most represented insect with 3580 visi&08%) and 2565 visits
(58.85%), in 2009 and 2010 respectively in the gadlindere.

In the two zonesComponotusp, was equally the most frequent with 534 andwv&its that is 60.13 and 39.92% of
the 873 and 1053 visits in Garoua and Ngaoundeaneszeespectively. Coleoptera and Diptera with ttieothat
regrouped five families each (table 1) with ninel @even species respectively. When we considetwtbezones
whether in Garoua or Ngaoundere Hymenoptera waallgghe most represented as summarised in tabbesl14
in terms of the proportion of visits with 93.81 @aroua and 92.68% in Ngaoundere and species aftinggth
30.95 in Garoua and 37.5% Ngaoundere in the twezolm Ngaoundere zone, the most frequent species w
Componotussp, Paratrechina longicornius, Apis mellifera, Cremogastersp with 420, 300, 204 and 128 visits
respectively that is 28.3, 23.20, 15.77 and 9.88%ilie 1293 visits of Hymenoptera in the zone.ha Garoua
zone, it is some species that are most frequentvhihtdifferent proportionsComponotusp and 525 visits that is
45.57% of the total of 1152 visits of Hymenoptdtaratrechina longicorniushad 156 visits with 13.54% and
Crematogastesp 100 visits with 8.82%Apis melliferawas less frequent with 92 visits that is 7.98%hef 1152
visits in this zone. We can agree with Djonwangtval£[28] that pollination of this shea buttemiscessary for the
fruiting and that some visits @pismelliferaadansoniihave pollination impact.

Table 3 : Distribution of families of Apoidea basedn the number of species and visits oviitellaria paradoxa flowers

Zones Anthophoridd Apidae | Halictidae] Megachilida¢ Total (nber)
%
Garoua Specie$ 33,33 16,66 33,33 16,66 6
Visits 22,11 30,36 31,35 16,17 303
Ngaoundere| Species 33,33 16,66 33,33 16,66 6
Visits 15,16 65,80 6,45 12,58 310

Tableau 4 : Distribution of frequent visitors on Vitellaria paradoxa flowers

Zones Camponotus sp  Crematogastef $aratrechina longicornis|  Apis mellifera Total (nber)
%

Garoua Visits| 60,13 11,45 17,86 10,53 873

Ngaoundere| Visit§ 39,92 12,16 28,51 19,39 1052

Repartition of insect’s visits hours

Vitellaria paradoxaflowers are frequently visited by pollinating ics® in the day as well as in the night (fig. 6).
The day is the most appropriate period (6am- 7ait) 85.6% of the visits. From night fall to the hig(5pm-
10pm) only 3.12% of the insects visits the flowétewever 31.35% of insects visits the flowers @b plants both
in the day and in the night. Hymenoptera (Vespoidg®ides), Coleoptera, Hemiptera, Diptera with éxeption of
Mosquitos family and Lepidoptera (Nymphalidae, Lewc@ae) visitsVitellaria paradoxa during the day.
Hymenoptera (Formicidea), Orthoptera, Coleoptemac@iliidae), Dictyoptera and Lepidoptera (Sphawag) visit
these flowers both in the day and in the nighthinight only the mosquito’s family (Diptera) ¢ssthe flowers of
the plant.

In the group of Hymenoptera which are the maintivigi insects, whether in Garoua or Ngaounderes ithe
ComponotugFormicidae) that presents a high percentagesitswivith 28.30 and 41.30% respectively, followgd b
Paratrechina longicorniugFormicidea) respectively with 23.20% and 13.548is melliferascarcely visits the
flowers of this plant with 15.77 and 7.98% in Ngadare and Garoua respectively. The visit rate loéioinsects is
very low irrespective of the zone with less tha®886 in each zone. This result corroborates thogeaofeniet al
[27] whereApis mellifera adansoniioraged onCallistemon rigidudlowers daily throughout the blooming period,
with the peak of activity between 10am and 11larydai

In the Sudano zone in Garoua 27.88% of the insasiisthe flowers of this plant between 8am- 9ariofeed by

the 10am- 11lam, 4pm- 5pm, 3pm- 4pm, 6pm- 7pm tinbervals with 22.40, 14.55, 14.22, 10.87% of th@lto
insects that visits the flowers in the correspogdime intervals respectively. Insect’s visits sata the flowers are
low from 12pm to 3pm. in the Guinean zone of Ngatare, the 10- 11am time interval is highly prefdr(@0.51%)

by insects especially Hymenoptera with 92.47% eéats identified during this interval time, follotvéom a great
distance by Diptera and Lepidoptera with 3.29% &8 respectively. The Coleoptera and Hemiptera less
represented. In general, in the two zones as slooviable 6 insects essentially visitdellaria paradoxabetween 8

am and 1lam.
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Repartition of nutrients harvested by insects fromVitellaria paradoxa

The insects that visiVitellaria paradoxa have different feeding modes (figure 7). 36.7% tbése insects
Componotussp (32.18%) andApis mellifera (11.31%) pick pollen and nectar, 33.3% foragindyonectar
(Paratrechina longicorniug17.43%)) ; 16.7% harvest only pollen witleratinasp (02.08 %) anegachilidaesp
(3.36% ) the most represented. Carnivorous insawgtariferous-carnivorous, phytophageies, pobiutis-
phytophageie present 3.3% each. This result shiegvgriportance of this plant for apiculture. Thecafiural value
of Vitellaria paradoxahas been equally stressed by Tchuenguem Fohalo[27] in his works on the exploitation
by Apis melliferaadansonij also the works of Sallét al.[19] on shea butter as a potential wealth andntbcéy
Dukku [7] on the identification of plants visited the beesApis melliferain the savannah zone of North East
Nigeria. This Apidae harvest from the flowers oé thlant both pollen and nectar. Djonwangateal. [28] and
Dukku [29] also noted thafpis melliferaadansoniiregularly and intensively collect nectar and polterVitellaria
paradoxaflowers.

Fruits bearing of Vitellaria paradoxa

The variance analysis carried out on the averageafafruits at the end of observation indicated #xistence of a
significantly high difference between treatment @@®91) while the influence of repetitions was nighgicant. As
such the localities of Bini, Dang and Borongo oa tither hand did not show a great variation orgtdreeral rate of
fructification. In effect, the rate of fructificatn varies according to the different types of tmeatts.

In the two zones, the rate of fructification variesunction of treatment. It is higher no mattke tlocality for the
reference samples with 8.25% and 24.29% in Ngacenaled Garoua respectively. The samples that weated
registered a low fructification rate of 3.94% an@7P6 in Ngaoundere for Tg and Tp respectively. 2%2and
8.16% in Garoua for Tg and Tp respectively. Theafbf zone on the fruit output is highly remarlabrhe rate is
very high in Garoua (34.38%) as compared to Ngaetedone (13.19%). These results show that th@megji
Garoua constitutes a predilection zone for the shem When we consider the two treatments (Tg Ro)dthe
output of fruits is higher in Tg more than of Tposls that insects intervened positively in the fifigzdtion of
Vitellaria paradoxa Betayéné [4] and Sallé [23] mentioned that tloevéirs of isolated/oacanga africanalid not
produce any fruits. Despite, the counting of numserants ofCrematogasterParatrechinagender on the flower of
Tg, the rate of fructification was low. This expla their inaptitude to efficiently transport paile This
notwithstanding the rate remains higher than tfdipowhere the cloth was inaccessible to all categoof insects.
This means that ants also play a non-negligible mlthe output of the fruit trees. The contribatiaf all the floral
insects in the output of this species is estimatedl0.05% in Ngaoundere and 28.59% in Garoua. fripadt of
insect’s activity on fruits bearing &fitellaria paradoxais positive Djonwanguet al.[28]

CONCLUSION

The result of this work shows that the phenologimahaviour ofVitellaria paradoxavaries according to agro-
ecological zones. Flowering is much later and gp@# in Guinean zone than Ngaoundere. The hapergid of
fruit starts from May to July in Ngaoundere andnfrdune to September in Garoua. The anthesis pierithe two
zones is situated in the night but with a sliglitedence in time that is 7-8pm in Garoua and 8-9priNgaoundere
concerning floricultural entomofauna. Some inseeisits both in the day and in the night while tither visit only
in the day or in the night. The main visitors afél® Hymenoptera order. The impact of insectsgaiicant and
positive on the output of fruit trees. The resilthos investigation contributes to the domestimatprocess of this
oleaginous specie€amponotus sp, Apis mellifera, Ceratina apd Megachilidaeplay an interesting role in the
pollination of the plant.
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