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ABSTRACT

Alternaria alternata andNeochetina eichhornia are pathogens of water hyacinth which is a majeasive weed
on our water ways in the south of Benin. We teshete two agents in a controlled environment ondaton water
hyacinth. The device is made of four treatment$ \séven replicates .The association is made ofpfis ofNeochetina
eichhornia andAlternaria alternate with different sporulations £&p/ml, 1d sp/ml, 16 sp/ml, 16 sp/ml, 18° sp/ml, 16*
sp/ml and 1& sp/ml on water hyacinth for twelve weeks and a @ays. The average values of the significant pararset
of growth at the of the experiment as the weighihwporulation of 18 sp/ml and of two pairs dfleochetina eichhoenia
18.80+0.35 g; those of leaves are 1.12+0.21 ansktbd buds are 0.80+0.13. Thusalternata is a potential as an agent of
bio control of water hyacinth with blogk'4 treatment.
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INTRODUCTION

Alternaria alternata is a cosmopolitan fungus and was isolated fronmypedl habitats (Ellis 1971; Domsch at
1980;Farr et al. 1990, 2000; El-Morsyatt 2000;Guoet eal. 2000). This optimal pathogen was also isolatechfreater
hyacinth by several scholars in the world. The fisigauses diseases symptoms of (spots and lesiirdy on the leaves
and less severely on stolons, which eventuallytéethe death of the plant. Already the fungus hesnbdescribed as a
pathogen of the plant in Austrlia(Galbraith and tayd, 1984) Egypt (Elwakil el. 1989, Shabana at. 1995; EI-Morsy
2004), Bangladesh (Bardur-ud Din, 1978) and Indiaefa and Singh, 1989). The introduction in sonapitral countries
of water plants for ornamental purposes resultedntaincontrolled swamping, followed by rapid suéftien of the lake
and the destabilization of aquatic ecosystems (&l0$9§87, Labrada and Fornasari 2003). This hasecatssulted in
considerable socio-economic and environmental fgssspecially in developing countries such as Bemhere precisely
the water resources are often far from abundamgdp1996).Therefore, the elimination of this negaimpact caused by
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water plants in the tropics, the fore of thingss leecome a topical issue. Over half of thd" 2@ntury, the massive
application of spores of specific pathogens suctrganic herbicides has attracted scholar’s atantnvestigations have
been conducted on many microorganisms and otherbeing studied (Charudattan, 2001; Aulcile2003).Neochetina
eichhorniae is a very right and very resistant species originditeth of the curculioidae family, of beetles whdsedy is
mostly covered with grey spotted scales, brown grawtennas and segments legs are reddish-browmmiisele is thick
and slightly curved in males and especially thingegstrongly curved in females. The male can resobut 3.2mm in
length (excluding head) and the female can reaphoapnately 3.7mm in length. The hypothesis thadigth infestation
has spread like a flu by absence of natural eneanidsin the conditions of pollution of water cowse infested areas,
could be formulated. A number of micro-organismsdee pathogenic on the pla@ercospora Rodmanii, A. alternata
and A. eichhorniae studies have shown the possibilities of effectemtrol of Eichhornia crassipes (Charudatta 1996;
Badu etal. 2003; Shabana 2005). Studies have been conductteahirolled and natural conditions on some pathsge
isolated on the hyacinth. The death of the plard whtained a few weeks after spraying wiitromonium, Zonatum,
Alternaria eichhorniae and Cercospora rodmanii as well asAlternaria alternata. Several herbicides are effective against
the hyacinth and are applied by air or land treatmelowever, the ability of translocation of chealienolecules of
stolons in the other parts of the plant is a lingtfactor for herbicides. The old plants would &ssl sensitive than younger.
During these last ten years, this plant has caessitonmental and hydro-agricultural crises in édri(Dangno e#tl.
2004).Although the origin of the infestation of wahyacinth in the world is known at the beginnafghe 23" century
that of its current expansion is poorly understdgidlogical control could be an interesting alteimato chemical control.
Biological control of the hyacinth is developedli®60 by the importation of insects from the Amabasin of the Brazil.
(Deloach efl. 1989)Bruchi andNeochetina eichhornia were involved and have given good results on tagemhyacinth
(Ajuonu O. etal. 2003). This struggle is based on the use of nagmamies of the plant with the aim of creating a
permanent pressure on it. That is why the objeabifv¢his work is to see the effect of associatidnthe Alternaria

alternata fungus and insedfeochetina eichhorniae on some growth parameters of water hyacinth ctetr@nvironment.

MATERIAL AND METHODS

Material

The biological material that has been the subjéotxperiments consists dflternaria alternate, Neochetina

eichhorniae and water hyacinth.
Methods
Culture of water hyacinth

Eichhornia crassipes was cultivated outdoor in containers far from giseassign facilities to prevent accidental
infestation on the site of plant physiology and iEmwvmental stress Laboratory at the University bbfey-Calavi. Plants

are fed periodically with dropping from poultry eyeéwo weeks.
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Photo 1:Eichhorniae Crassipes Cultivation (Ajuonu 2014)
Breeding of the Natural Enemies of the Water Hyacith

The culture of these species has been initiatetido}y TA-Benin since December 1991

Photo 2: Production ofN. Eichhorniae (Ajuonu 2014)

Selection of Plants andN. Eichhorniae

Eichhornia crassipes plants used in our research were selected cubfupgcturel bins. After washing to remove
waste organic as well as aphids which had takargesfen plants we arranged in each of the 28 basipkstic 59cm in
diameter and 30cm deep. It was previously plantesl depth of 20cm in the soil in order to refreésh water and keep the
leaves in their state of turgor. (Ajuonu aald2009) we used six liters of water added 3ml ofneical fertilizer in each
bowl culture.N. eichhorniae adults used in our tests have been collected ditpto their sex and then kept in boxes of
Petri dishes in glass and fed of young leaves iy dater hyacinth.

Multiplication of the Fungus Alternaria Alternata

The multiplication of the inoculums has been cariet in Petri boxes each containing nutriment medPDA(
Potato Dextose Agar) to which are added 5ul of @espuspension oilternaria alternata. The boxes have been then
incubated at 25°c oven for three weeks.

Photo 3: Alternaria Alternata in Culture on PDA (FATON, 2015)
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Experimental Device

The experimental device used is a complete randookhwith 4 treatments and 7 technical runs witfiedént
concentrations of the fungus such a8 4/ml, 13sp/ml, 18sp/ml, 18sp/ml, 13°p/ml, 13'sp/ml et 16°sp/ml and two

pairs of insects as shown in the tablel below.

Table 1: Experimental Device of the Different Treaments (FATON, 2015)

Bloc Treat
ks ment Elements of Each Treatments
S

T1 | Evidence With 10 plants of E.crassipeighout N.eichhorniae in the basin

T2 | 10 plants of E. crassipes withpairs (2males+2females) beeichhorniaein the basin

1 T3 | 10 plants d’E. crassipes wifl® °sp/ml of Alternaria alternata in the basin

T4 10 plants of E. crassipes with 2 pairs (2males+2afes) ofN. eichhorniaeand 10 °
sp/ml Alternaria alternata in the basin

T1 | Evidence With 10 plants of E.crassipeishout N.eichhorniae in the basin

T2 | 10 plants of E. crassipes withpairs (2males+2females) BNeeichhorniaein the basin

2 T3 | 10 plants d’E. crassipes willd ‘sp/ml of Alternaria alternata in the basin

T4 10 plants of E. crassipes with 2 pairs (2males+afes) ofN. eichhorniaeand 10 *
sp/ml Alternaria alternata in the basin

T1 | Evidence With 10 plants of E.crassipeishout N.eichhorniae in the basin

T2 | 10 plants of E. crassipes withpairs (2males+2females) BNeeichhorniaein the basin

3 T3 | 10 plants d’E. crassipes will’sp/ml of Alternaria alternata in the basin

T4 10 plants of E. crassipes with 2 pairs (2males+afes) ofN. eichhorniae and 10 ®
sp/ml Alternaria alternata in the basin

T1 | Evidence With 10 plants of E.crassipeishout N.eichhorniae in the basin

T2 | 10 plants d’E. crassipevec 2 pairs (2méales+2femelles)Neeichhorniaein the basin

4 T3 | 10 plants d’E. crassipesec 10 ° sp/ml Alternaria alternata in the basin

T4 10 plants of E. crassipes with 2 pairs (2males+afes) ofN. eichhorniae and 10 °
sp/ml Alternaria alternata in the basin

T1 | Evidence With 10 plants of E.crassipeishout N.eichhorniae in the basin

T2 | 10 plants of E. crassipes withpairs (2males+2females) BNeeichhorniaein the basin

5 T3 | 10 plants d’E. crassipes witki’sp/ml of Alternaria alternata in the basin

T4 10 plants of E. crassipes with 2 pairs (2males+afes) ofN. eichhorniae and 10 ™
sp/ml Alternaria alternata in the basin

T1 | Evidence With 10 plants of E.crassipeishout N.eichhorniae in the basin

T2 | 10 plants of E. crassipes withpairs (2males+2females) BNeeichhorniaein the basin

6 T3 | 10 plants d’E. crassipes witld"sp/ml of Alternaria alternata in the basin
10 plants of E. crassipes with 2 pairs (2males+afes) ofN. eichhorniaeand 10

T4 ; . .

sp/ml Alternaria alternata in the basin

T1 | Evidence With 10 plants of E.crassipeighout N.eichhorniae in the basin

T2 | 10 plants of E. crassipes withpairs (2males+2females) Beeichhorniaein the basin

7 T3 | 10 plants d’E. crassipes willd ““sp/ml of Alternaria alternata in the basin
10 plants of E. crassipes with 2 pairs (2males+2afes) ofN. eichhorniae and 10

T4 ; . .

sp/ml Alternaria alternata in the basin

Data on different plant growth parameters have hiaken at the beginning and the end of experimentthe

weight, number of leaves, spots grazing, and fldwels. These data are recorded every two weeks.
Statistical Analysis of the Data

The excel table has been used to capture and prtieeslata that have been noted in the form ofageecvalue
standard error. This table is used to plot cur¥é® collected raw data have undergone a transfamal the function

inverse sine of the root square prior to analyBie other raw data have been transformed by thetitmlog(x+1). A

Impact Factor (JCC): 3.2816 NAAS Ratj 2.74
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factorial analysis of variance (factorial ANOVA) hideen used to examine the differences betweetmiats for each
studied parameter. The method of comparison ofbégiused is the Student Newman Keuls(SKN) test. drtalysis are

performed using SAS analytical software (version9.2
RESULTS

The results of these tests present data takeneodiffierent growth parameters afassipes subjected to different
treatments T1, T2, T3 and T4 as shown below cowdigbur blocks operative. Figures 1,2,3,4, 5, @ dnrepresent the
evolution of fresh middleweight of the plants dgriaur experiments for the four blocks. The T1 de ¢vidence of all
treatments that have a considerable growth. Avevaliees are placed at the beginning of the expegi@md no significant
difference are found between the treatments (P£5@]1; 0, 1431; 0, 1232; 0, 0083; 0, 0526; 0, 0GB33331>0,005).
Middleweight increased respectively 86.4g; 86.298,60 g; 90.50g; 86.5g; 88.4g and 88.8 g. For €atment of each
block, average weight at the end of the experieareerespectively 68.5g; 63.30g; 72.42¢g; 66.10 0®J.. 68.10 and
66.10g. For T3 treatments of each blocks, the @eeveeight obtained at the end of the experimentespectively 66.8g;
63.39; 59.30 g; 42.90g; 40.80g; 36.40 and 36.00g.TH treatment of each block, the average weighthie end of the
experience are: 57.7g; 46.00g; 51.5g; 34.90g; 31.28.30g and 18.80g. At the end of the experietteatments T2, T3
and T4 are very highly and significantly differérdm the evidence T1 to the 5% threshold (P<.0,19000
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Figure 1: Average Evolution of the Water Hyacinth Rants
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Figure 2: Average Evolution of the Water Hyacinth Rants
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Figure 3: Average Evolution of the Water Hyacinth Rants
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Figure 4: Average Evolution of the Water Hyacinth Rants
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Figure 5: Average Evolution of the Water Hyacinth Rants
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Figure 6: Average Evolution of the Water Hyacinth Rants
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Figure 7: Average Evolution of the Water Hyacinth Rants

Figures 8, 9,10,12,13 and 14 represent the evoldfahe number of leaves on the water hyacinthndguour
experiments for the seven blocks. T1 treatmentsesemt the evidence. The number of leaves is cdwriesach plant at
the beginning of the experiment, and no significdifference has been found between treatmentsniher of leaves
increased. Average values at the end of the expetimre respectively 9.4, 10.50, 9.30, 9.90, 99340 and 9.70. For
treatment T2 of each block, the average valuesuafber of leaves on plants are respectively 7.2, &0, 7.00, 7.10,
7.20 and 6.40 at the end of the experiment. Foif th&reatment of each block, the average valuesiofber of leaves on
water hyacinth plants are respectively 5.30, 56600, 6.10, 7.1 and 6.5 at the end of the expetinfer T4 treatment of
each block, the average values of number of leamewater hyacinth plants are respectively 5.100,5405, 4.00, 3.62,

1.3, and 1.1 at the end of the experience, thénteeis T2, T3 and T4 of each block are highly agdiBcantly different

from the evidence T1 to the 5% threshold (P<0.0001)
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Figure 8: Average Grown of the Number of Leaves othe Water Hyacinth Plants

Number of leaves

15

10

. _——

51 52 54 56 58 510 512

Evidence
=2 pairs of N.eichhorniae
= [\ alternata 10.7sp/ml

=2 pairs of N.eichhorniae+ 10.7 sp/mlA.alternata

Figure 9: Average Grown of the Number of Leaves othe Water Hyacinth Plants
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Figure 10: Average Grown of the Number of Leaves othe Water Hyacinth Plants
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Figure 11: Average Grown of the Number of Leaves othe Water Hyacinth Plants
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Figure 12: Average Grown of the Number of Leaves othe Water Hyacinth Plants

12

s T L R L= I =+

Number of leaves

51 52 54 56 58 510 512

Evidence

= pairs of N.eichhorniae
—— A alternata 10.11sp/ml

=7 pairs of N.eichhorniae+ 10.11sp/ml A.alternata

Figure 13: Average Grown of the Number of Leaves othe Water Hyacinth Plants
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Figure 14: Average Grown of the Number of Leaves othe Water Hyacinth Plants

Figures 15, 16,17,18,19 and 20 represent the éwplof the number of dead leaves is counted on e&ait at
the beginning and at the end of the experiment.tféatment T1, we have not had a dead leaves arirtlyggplant during
our experiences. For treatment T2 of each blockiesaof the number of dead leaves are respect8ly, 1.90, 1.90, 2.3,
1.82, 1.90 and 1.60 at the end of the experienmetreatment T3 of each block, the average valti¢ssonumber of dead
leaves on water hyacinth plants are respectivdly 28, 2.4, 3.10, 5.1, 4.5 and 4.6 during testinguring the tests. For
treatment T4 of each block, the average valueheEkperiment are respectively 2.00, 4.30, 4.6),%&0, 6.85 and 8.20
during our experiences. At the end of the expesgendhe treatments T2, T3 and T4 of each blockigklyhand
significantly different from the evidence T1 to th& threshold (P< 0.0001).
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Figure 15: Average Grown of the Number of Dead Leaas on the Water Hyacinth Plants
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Figure 16: Average Grown of the Number of Dead Leaas on the Water Hyacinth Plants
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Figure 17: Average Grown of the Number of Dead Leaas on the Water Hyacinth Plants
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Figure 18: Average Grown of the Number of Dead Leaas on the Water Hyacinth Plants
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Figure 19: Average Grown of the Number of Dead Leaas on the Water Hyacinth Plants

Number of dead leaves

o R O O GO

51 52 54 56 58 510 512

Evidence

——— 2 pairs of N.eichhorniae
— A, alternata 10.11sp/ml

=72 pairs of N.eichhorniae+ 10.11sp/ml A.alternata

Figure 20: Average Grown of the Number of Dead Leaas on the Water Hyacinth Plants
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Figure 21: Average Grown of the Number of Dead Leaas on the Water Hyacinth Plants
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Figures 22, 23 24 25 26 27 and 28 represent thieiteao of the average number of leave scars thel lef/water
hyacinth at during the trial period for the 4 bledkeatment T1 and T3 do not containeichlorniae there foes no chatter
at those levels. For T2 and T4 treatment, the @eeraumber of scars of chatter reached its peakeirsécond week from
which the average number of scars declined urgilefighth week. On the last day of our experiméd,average number
of scars of chatter is very low for all of the tiveatments in each block. The statistical analgtithese data reveals that
the average of treatments T2 and T4 are highlysagndficantly different of 5% (P< 0.0001).
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Figure 22: Average Change in the Number of Chatteon the Water Hyacinth Plants.
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Figure 23: Average Change in the Number of Chatteon the Water Hyacinth Plants
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Figure 24: Average Change in the Number of Chatteon the Water Hyacinth Plants
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Figure 25: Average Change in the Number of Chatteon the Water Hyacinth Plants
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Figure 26: Average Change in the Number of Chatteon the Water Hyacinth Plant
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Figure 27: Average Change in the Number of Chatteon the Water Hyacinth Plants
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Figure 28: Average Change in the Number of Chatteon the Water Hyacinth Plants

23

Figures 29, 30, 31, 32, 33, 34 and 35 represenateese evolution number of larval galleries on weter

hyacinth during our experiments for the seven tdotleatments T1 and T3 are without insects thuamae. For T2 and

T4 Treatment, the average numbers of larval gakbewas increased gradually during the experimem fas the second
week and reach its peak at 6 weeks. From the dewvesek, the average number of chatter has dropgetliglly towards

the end of the experiment. The statistical analybibe data reveals a very significant differebeéween the treatment T2

and T4 averages and these of the treatment T1 3aitkfie threshold of 5 %.
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Figure 29: Average Change in Larval Galleries on th Water Hyacinth Plants
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Figure 30: Average Change in Larval Galleries on th Water Hyacinth Plants
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Figure 31: Average Change in Larval Galleries on th Water Hyacinth Plants
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Figure 32: Average Change in Larval Galleries on th Water Hyacinth Plants
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Figure 33: Average Change in Larval Galleries on th Water Hyacinth Plants
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Figure 35: Average Change in Larval Galleries on th Water Hyacinth Plants
Average Number of Flower Buds orEichhorniae Crassipes Plants

The tables 2, 3, 4,5,6,7 and 8 below present theage number of flowers on the water hyacinth glauotring our
experiment. The results show that a very small remalf flower buds began to appear at the fourthkwereplants of all
seven blocks in general. At the end of the expertma very low number of plants are observed. Hockb7, average
values at the end of the experience are relatieshfor T3 0.70£0.16 and T4 0.30+ 0.15 treatmemis an increase for T1
treatment 1.70+0.1.

Table 2: Evolution of the Average Number of FloweBuds on Water Hyacinth Plants of the Block 1

Traitements Weeks
S1 S2 S4 S6 S8 S10 S12

T1(Evidence) +ooocf +ooooa 140,00 | 1,40+0,2% | 2,30+0,39 | 2,20+0,29 | 2,40+0,33
T2(Neochetina eichhornia) +ooocf +00003 1,40+0,26 | 1,30+0,36 | 1,0+0,38 | 1,10+0,33 | 1,0+0,33
T3(Alternaria 0 0 1,20+
alternatal 0Psp/ml) 0,00 | 0.0 037 1,10+0,38 | 1,100,286 | 1,00+0,2% | 1,00+0,20
T4(Neochetina eichhornia 0 0
+Alternaria alternatal0Psp/ml) | £0,00" | 0,00 0,75+0,26 | 1,50+0,29 | 1,30+0,2% | 1,10+0,23 | 1,0+0,22

Probability 0 0 <0,8250 | <0,0914 | <0,6247 | <0,5160 | <0,0001

The averages on the same column affected by the same alphabetical letter are not statistically different at the
threshold of 5% with ANOVA followed by student- Newman Keuls test

Table 3: Evolution of the Average Number of FloweBuds on Water Hyacinth Plants of Block 2

Treatments feElc
S1 S2 S4 S6 S8 S10 S12

T1(Evidence) +0000a +OOOOa 1,60+0,16 | 1,70+0,16 | 1,80+0,16 | 1,80+0,16 | 1,90+0,16
T2(Neochetina eichhornia) +0000,q +OOOO"‘ 1,80+0,26 | 1,90+0,17 | 1,20+0,18 | 1,20+0,18 | 1,30+0,13
T3(Alternaria 0 0 n
alternatalQ’sp/mi) +0.00a | +0,00a 1,60+0,20a] 1,60+0,22a 1,60+0,16a 1,40+0,16a 1,3@*0,
T4(Neochetina eichhornia 0 0
+Alternaria 1,60+0,22a] 1,60+0,22a 1,30+0,15a 1,20+0,15a 1,160,

5 +0,00a | +0,00a
alternatalQ’sp/ml)

Probability 0 0 <0,9588 <0,4197 <0,7445 <0,8765 | <0,0001

Impact Factor (JCC): 3.2816 NAAS Ratj 2.74
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The averages on the same column affected by the same alphabetical letter are not statistically different at the
threshold of 5% with ANOVA followed by student- Newman Keuls test.

Table 4: Evolution of the Average Number of FloweBuds on Water Hyacinth Plants of Blocks 3

Treatments iz
S1 S2 sS4 S6 S8 S10 S12

T1(Evidence) +ooooa +oooc? 1,70+0,16 | 1,70+0,16 | 1,60+0,16 | 2,30+0,16 | 2,30+0,16
T2(Neochetina eichhornia) +ooooa +ooocf 1,70+0,26 | 1,70+0,17 | 1,80+0,13 | 1,400,138 | 1,50+0,13
T3(Alternaria 0 0
alternatal 0Psp/ml) 000 | 0,00 1,70+0,26 | 1,70+0,22 | 1,30+0,16 | 1,20+0,18 | 1,20+0,18
T4(Neochetina eichhornia 0 0
+Alternaria alternatal0’sp/ml) | £0,00° | +0,007 1,60+0,22 | 1,60+0,22 | 1,30+0,18 | 1,60+0,18 | 1,10+0,15

Probability 0 0 <0,0030 | <0,0030 | <0,2962 | <0,0001 | <0,0001

The averages on the same column affected by the same alphabetical letter are not statistically different at the
threshold of 5% with ANOVA followed by student- Newman Keuls test.

Table 5: Evolution of the Average Number of FloweBuds on Water Hyacinth Plants of Blocks 4

Treatments DEELS
S1 S2 S4 S6 S8 S10 S12

T1(Evidence) +000(f‘ +OOO(? 1,60+0,16 | 1,60+0,16 | 1,70+0,16 | 1,70+0,16 | 1,70+0,16
T2(Neochetina eichhornia) +OOOO"‘ +OOOO"‘ 1,60+0,26 | 1,60+0,1% | 1,50+0,18 | 1,40+0,13 | 1,20+0,18
T3(Alternaria 0 0
alternatal0°sp/mi) +0,00 | £0,00° 1,500,260 | 1,40+0,22 | 1,40+0,16 | 1,30+0,16 | 1,20+0,18
T4(Neochetina eichhornia 0 0
+Alternaria alternatal O°sp/ml) | 0,00 | +0,00° 1,00+0,22 | 1,10+0,22 | 1,10+0,15 | 1,30+0,15 | 1,00+0,18

Probability 0 0 <0,5405 | <0,3169 | <0,0068 | <0,3814 | <0,0001

The averages on the same column affected by the same alphabetical letter are not statistically different at the
threshold of 5% with ANOVA followed by student- Newman Keuls test.

Table 6: Evolution of the Average Number of FloweBuds on Water Hyacinth Plants of Block 5

Treatments IESE
S1 S2 S4 S6 S8 S10 S12

T1(Evidence) +00003 +00003 1,70+0,16 | 1,60+0,16 | 1,40+0,16 | 1,60+0,16 | 1,90+0,f
T2(Neochetina eichhornia) +OOOO"‘ +OOOO"‘ 1,60+0,26 | 1,60+0,17 | 1,50+0,18 | 1,50+0,13 | 1,40+0,13
T3(Alternaria 0 0
alternatal 0%p/mi) +0.00* | £0,00° 1,50+0,26 | 1,40+0,22 | 1,30+0,16 | 1,30+0,16 | 1,10+0,168
T4(Neochetina eichhornia 0 0
+Alternaria alternatal 0%p/ml) | 0,00 | +0,00° 1,20+0,15 | 1,30+0,12 | 1,100,185 | 1,00+0,15 | 1,0+0,1%

Probability 0 0 <0,1974 | <0,8145 | <0,9316 | <0,7531 | <0,0001

The averages on the same column affected by the same alphabetical letter are not statistically different at the
threshold of 5% with ANOVA followed by student- Newman Keuls test.
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Table 7: Evolution of the Average Number of FloweBuds on Water Hyacinth Plants of Block 6

Treatments e
S1 S2 S4 S6 S8 S10 S12

T1(TEvidence ) +0000a +0000a 1,60+0,16 | 1,60+0,16 | 1,40+0,16 | 1,60+0,16 | 2,30+0,f
T2(Neochetina eichhornia) +0000a +OOOG‘ 1,60+0,26 | 1, 30+0,17 | 1,20+0,18 | 1,50+0,13 | 1,20+0,18
T3(Alternaria 0 0
alternatalOllsp/mI) 10,00 | +0,00° 1,50+0,28 | 1,40+0,22 | 1,30+0,16 | 1,20+0,168 1,1010,16
T4(Neochetina eichhornia 0 0
+Alternaria alternatal0sp/ml) | £0,00° | 0,00 1,20+0,18 | 1,30+0,19 | 1,10+0,18 | 1,00+0,18 | 1,0+0,18

Probability 0 0 <0,5405 <0,3169 <0,9643 <0,5447 <0,0001

The averages on the same column affected by the same alphabetical letter are not statistically different at the
threshold of 5% with ANOVA followed by student- Newman Keuls test.

Table 8: Evolution of the Average Number of FloweBuds on Water Hyacinth Plants of Block 7

Treatments e
S1 S2 S4 S6 S8 S10 S12

T1(Evidence ) +0°00a +ooooa 1,60+0,16 | 1,60+0,16 | 1,40+0,16 | 1,60+0,16 | 1,70+0,%
T2(Neochetina eichhornia) oG | sopg | 0:60<0.26 | 0.8020,17 | 0,5050,13 | 0,50£0,13 | 0,4020,13
T3(Alternaria 0 0
alternatal 0%sp/mi) 40,00 | 0,00 0,5040,20 | 0,40+0,22 | 0,30+0,18 | 0,50+0,18 | 0,50+0,16
T4(Neochetina eichhornia 0 0
+Alternaria alternatal0sp/ml) | £0,00* | 0,00 0,20+0,18 | 0,30+0,12 | 0,10+0,18 | 0,00+0,18 | 0,30+0,15

Probability 0 0 <0,0045 | <0,0021 | <0,0012 | <0,1110 | <0,0001

The averages on the same column affected by the same alphabetical letter are not statistically different at the
threshold of 5% with ANOVA followed by student- Newman Keuls test.

DISCUSSIONS

In Africa and particularly in Benin, several indival of the weeviN. eichhornia who had been released in 1991
for the biological fight against water hyacinth hraduced the growth of the plant in some areas aitft years resulting
in the reduction of the coverage of the surfacéheftake invaded by the weed from 5% to 78% (Ajvehal 2003) . A
similar impact of Neochetina on the growth paramgetd# hyacinth was reported on Lake Victoria (Wilsetal 2005,
2007) and the United States (Cergke1989).Alternaria alternata is a pathogen of water hyacinth. An important itesas
observed on these growth parameters by EI- MordyahB8004 where necroses were observed on leavesaaiter weeks
of treatment. Several growth parameters such asvéight and the leaves were weighed and countélaeabeginning of
the experiment on the one hand, the parametetseasumber of dead leaves, the number of chatiemdmber of larval
galleries, were counted until the end of our exgreré. Physic-chemical parameters such as temperatdrand dissolved
oxygen are listed. In general the results of thislys has been conducted under greenhouse witlotise lofNeochetina
eichhorniae and different sporulationA.alternatal0®sp/ml, 10sp/ml, 18sp/ml, 18sp/ml,13%p/ml, 18'sp/ml and
10*%sp/ml on 10 plants of water hyacinth are consistétit the observations made by the authors citetv@bThe release
of two pairs ofN. eichhorniae crassipes significantly reduced after twelve weekipared with the evidence on growth
parameters. Inoculation of A. alternate on wateadmth plants at these different sporulations, edusymptoms of the

disease (spots and lesions) mainly on the leavédems severely on stolons and finally gradualty ie the plant death.
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This is consistent with the result of Ajuonuaé2003 in the field and Diop @ 2010 at the laboratory, who found that the
weight of plants, one of the best of the impactvekvils on the biological control of aquatic plaimsparticular water
hyacinth, had been significantly reduced in congmarito the weight of plants to the control treatm&or blocks 1, 2, 3,
4, 5,6 and 7, we got final weights, as averageemhespectively 86.40+ 0.16g, 86.5 +0.16g, 93.606@ 86.5 +0.20g,
90.50+ 0.20g, 88.40+ 0.16g and 88.21+ 0.91g. théssame for biomass of leaves, which has increesesiderably at the
end of the experience of which the averages vaduesrespectively 9.40+ 0.17, 10.50+ 0.16, 9.30830%890 #0.17,
9.3+0.21, 9.4+0.016 and 9.97.021 for treatmentA&lregards the number of flower buds in bloom, fritve fourth week
avery small number appeared and increased towaedsnd of experience where we got a significantbarmespectively
2.40+ 0.33, 1.8 +0.20, 1.30 #0.21, 1.70+0.16, 1®Q%, 2.3+0.13 and 2.30 +0.21 for treatment T1.N&%e not counted
of dead leaves at the end of the tests. Thesetseshow significant growth for the plant weightaves biomass and the
number of flowers. For treatment T2, two pairs\bfeichhorniae are tested on ten plants of each treatment ofdiven
blocks. The average values of the weight obtairtetieaend of tests are respectively 68.50 +0.18¢3®+0.70g, 72.40
+0.169, 67.0+0 0.73g, 66.10+ 0.30g, 61.10+ 0.40d) @M 10+ 0.239 for the seven blocks. These reshlisv a decrease in
the weight of water hyacinth plants in comparisothie initial weight. These results are in confaymiith that of (Center
et al. 2005) who has obtained a reduction of five pafrdNoeichhorniae on water hyacinth plants. For the leaves, the
average values obtained at the tests are resplgctig®d +1.15, 6.30 +0.47, 6.90+ 0.10, 7.00 £ 0.a3¢ 7.10+ 0.34, 7.20+
0.26 and 6.50 +0.22. These value obtained at tHesbaw a decrease in the number of leaves on pemis reduction of
surface coverage by these natural enemies of wgsaminth.N. eichhorniae. These same results are obtained by Ajuonu et
al. 2003, on the reduction of the coverage of thedadeface invaded by weeds from 5% to 100%. Theageevalues of
flowers number are respectively 2.30 £0.33, 1.7401.50 +0.16, 1.50 £0.16, 1.40+ 0.16, 1.17 +@GAd 1.16+ 0.16 for
the seven blocks. These values show that theraleciease in the level of plant growth becauskefd is not abortion,
these flowers will become fruit. (Centeratt 2005) have observed the same phenomenon on tee fyaicinth plants and
reported that the impact dfi. eichhornia reduces the ability of the plant to divert theowgses required for the
reproduction of flowers. Feeding scars on the lsaased by grazing ®f eichhornia adults increased during the first
two week and decreased as the number of adulteatsxs. This may be due to a lack of food and/oagédor death of the
plant. Indeed, by feeding, adult laid eggs thatlwes into larval 7-10 days later (Center, 1988) ianldese larval which
have caused damage observed on leaves from thadseeek and reached generally its peak in the sidbk for all
blocks. These results are consistent to this ofdaeh and Cordo 1976 who studied the biologWog&ichhorniae and
found damage on hyacinth are mainly due to thealastage ofN. eichhorniae leaving to mortality of the leaves. For
treatment T3, only the fungus A. alternate is sie water hyacinth plants at different sporulatibhe average values
obtained at the end of the experience are respdett6.80+ 0.13g, 54.50 +£1.13g, 59.30+ 0.15g, 42.0(66g, 40.80
+0.13g, 36.40+ 0.42g and 33.00+ 0.29¢g.These resuisate that. alternata has caused considerable damage on growth
organs of the plant.What did decrease of the wailgiing the experiment. A better result is obtaif@dsporulation of
10*sp/ml on the plants until the middle weight weigtieidially passed from 82.90 +0.96g to 36, 00+0,&%he end of
the experiment. These results are confirming thafsklohan Babua e&l. 2002, 2003a, b, c) th#t alternata reduces
considerably the weight of water hyacinth at anangnt sporulation. Regards the leaves as eartheasecond round,
sixth and fourth week respectively, a small hunmidfarecrotic spots and extensive damage began teaagm the leaves of
all treatments, the peak is quickly obtained foorsfation of 18%p/ml similar results are obtained by El-sayed M El

Morsy andal 2004 who have observed the same leaf spots witwrbcenter, lesions on the leaves and the deatheof
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leaf after 15, 30 and 60 days. As for T4 treatmartpmbination ofN. echhornia andA. alternata to different sporulation
are tested. The average values of the plants waigtite end of the tests are respectively 57.7Q5¢f).46.00+ 0.68g;
51.50+ 0.16g 34.90+ 0.52g; 31.90 #0.21g; 28.30£3@.&nd 18.80+ 0.29g. These results indicate thaghwewvas
significantly decreased when comparing the fouattreents. The association of the fungus and weagtisd seriously on
the weight of the plants until it has passed withaverage weight of plants 82.20 +0.46g to 18.8@9@ with a
sporulation of 1&sp/ml. for the leaves, the same effects are obdamere it rose by an average 8.60.+0.20 to 1.12% 0
after 12 weeks of treatment with sporulation of?4p/ml. As the flower buds which are determinantgafwn, they
remained virtually absent during testing. The ageraalues of these flown buds remained zero irfiteetwo weeks for
all treatments. It was until the fourth week thatnaall number of flower buds appear on water hytagitants. They are

practically zero for treatment TA alternata in association wittN. eichhorniae at the end of experiment.
CONCLUSIONS

The aim of this work is to find more effective watgsimprove the biological control of water hya¢iran our
water ways. At the end of this work, the associatiéN. eichhorniae andA. alternata at different sporulation £8p/ml,
10’sp/ml, 10sp/ml, 1Gsp/ml, 13°p/ml, 16'sp/ml and 1&sp/ml on greenhouse tested water hyacinth, is taféedn
reducing the growth dEichhorniae crassipes parameters. fsp/ml of A. alternata and two pairs of Neichhorniae have

affected more significantly and more quickly grovadrameters such as the weight of the plantsgtifeaind flown buds.
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