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ABSTRACT

The most effective, environmentally sound and safety way to fight pests with
biological means is the use of resistant varieties to them. In the present study were
indicated the reactions of 30 Bulgarian common bean genotypes to the most
economically important enemy — bean weevil (Acanthoscelidis obtectus Say). For this
purpose, the following indicators were traced — seed damages and young adult
insects, which largely characterized the response of different common bean
genotypes to that biological pest enemy. The results of this investigation present a
sensitive response to the sustainability of different genotypes to the bean weevil. The
Bulgarian common bean varieties Plovdiv 11M, Abritus, Crystal and Bulgari can be
used in breeding programs as donors of resistance to the bean weevil.

Keywords: Acanthosceides obtectus Say., bean weevil, common bean genotypes,
Phaseolus vulgaris L.

PE3IOME

Han-edektmBHuAT, ekonorocbobpaseH u OGesonaceH HaunmH 3a 6opba c
BUONOrMYHNTE HENPUATENN € U3MON3BaHETO Ha YCTONYMBM KbM TAX copToBe. B Tasn
BPb3Ka, C HAaCTOSLOTO NPOyYBaHe € yCTaHOBEHA peakuuaTa Ha yctomymBocT Ha 30
copTa acyn cnpsasMO WKOHOMMUYECKM Han-BaXHWS UM Henpudaten — acynesusa
3bpHosAa (Acanthoscelidis obtectus Say.). 3a uenTta ca npocnegeHn cnegHuTe
nokasatenu — TnoBpeda Ha CemMeHaTa W HOBOMMAarMHupanu Bb3pacTHW,
XapakTepuampaw B ronsiMa CTeneH peakuusiTa Ha pasnuMyHuTe copToBe dacyn
cnpssMo  u3cnegBaHus  GuonornmdeH obekT. B pesyntatr Ha wu3cnegBaHeTo e
yCTaHOBEHA YyBCTBUTENHA peakuus No OTHOLIEHWE YCTOMYMBOCTTA Ha OTAENHUTE
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coptoBe chacyn cnpamo cacynesua 3bpHosag. CoproseTe NMnosaue 11M, AbpuTyc,
Kpuctan n bbnrapu morat ga ce u3nonssaT B CEMEKLMOHHN NporpamMu, Kato AOHOPU
Ha YCTOMYMBOCT CrpsiMo cbacynesusi 3bpHOSA.

KnrouoBu aymun: Acanthosceides obtectus Say., (pbacynes 3bpHOSA4, reHOTUNn
dacyn, Phaseolus vulgaris L.

PASWMPEHO PE3IOME

dacynbT € BaXkHa CEeNnckocTonaHcka KynTypa, KosaTo € 00ekT Ha HanageHne OoT MHOro
HENPUATENW, KaKTO NpU OTINEXAaHETO My Ha NONETO, Taka U NPU CbXpaHEeHMe.
OcobeHo BaXkHO MSACTO cpef Tax uMa dpacyneBuaT 3bpHosg Acanthoscelides
obtectus Say. Bb3pacTHUTe HacekoMu oTnarat anuaTta cu BbpXy NOBbPXHOCTTA Ha
3bpHaTa, a U3NNeHnTE NapBu ce Brpu3BaT BbB BbTPELLHOCTTA UM, TaMm
KakaBugupaT, cref KoeTo MMmarmHmpar.

EovH oT Han-eukacHuTe ekonorocbobpasHu n 6esonacHu HaunHU 3a bopba cbe
3bpHOAANTE MO dhacyna e oTrNeXaaHeTo Ha YCTOMYUBU KbM TE3M HENpUATEnNn
copToBe. B Tasn Bpb3ka LenTa Ha HacToALWEeTO U3cneaBaHe € ga ce Npoyyn
cTeneHTa Ha yctonumocT Ha 30 NuHUKM 1 copToBe dacyn CnpsMo TO3u HenpusTen.

[Mpoy4BaHETO € NpPoBEAEHO NpK KOHTponupyemun nabopaTtopHu ycnosus ¢ 30
reHoTuna goacysn. EKCnepuMeHTbT € 3anoXeH B YeTupu nosTopeHus, ¢ no 10 cemeHa
OT BCEKW reHOTUM M KONOHU3NpaHW No eHa ABOKMKa — caMeLl, 1 camka.

OT4yeTeHn ca nokasaTenuTe - CMbPTHOCT Ha HacekomuTte (Ha 14™% 1 217" neH ot
3anaraHeTo Ha ekcrnepumeHTa), nospeaa Ha ceMmeHarta (21" oeH) u
HOBOUMarMHupanu Bb3pactHu (62" nen). Mpu npoBeaeHOTO Npoy4yBaHe He ce
yCTaHOBSIBa 3aBMCMMOCT MeXay Oposi Ha XUBUTE HACEKOMU, OTYETEHM Ha 14 n 21

® neH oT 3anaraHe Ha ekcrnepuMeHTa.

CMBbpTHOCTTa Npy NbPBOTO OTYUTaHe Bapupa oT 47 oo 83%, AokaTo npu BTOPOTO
oTuynTaHe (Ha 21" neH) T e 100% npu 12 reHoTuna (40% ot obwms Gpoit), a npu
OoCTaHanuTe reHoTunn Ta Bapmpa oT 83 go 97%. YcTaHoBsBa ce, Ye 3a
NnoBpexaaHeTo Ha ceMeHaTta M 3a U3MNBaHeTO Ha HOBM HACEKOMU OCHOBHO
3HayeHue (40,83%) umart xueute 6pbMGapu, otyeTeHn Ha 14 neH oT 3anaraHeTo
Ha eKkcnepuvMeHTa.

KaTto ocHoBHa npuynHa 3a no-crnaboTto npegnodmntaHe oT pacyneBust 3bpHOA Ha
cemeHara ot reHotTunute N3K-AK-4, A 195, Nnoegume 15 M n [Jo6pyaxaHckn 7,
BEPOSATHO Ca TEXHUTE No-crneunmnyHm MopdonornyHm n pusnko-GMoXMMmNYHM
Gapuepu.

Tectnpanute 30 reHoTuna cacyn pearnpat cneuyndunyHo crnpsmo dacynesus
3bpHosa. CoptoseTe NMnosaus 11M, Abputyc, Kpuctan 137 n bbnrapu ca cbe
CpaBHUTENHO JOo6pa YyCTOMYMBOCT Ha dhacyneB 3bpHOSA. Te moraTt Aa ce u3nonseaT
B CEMEKUMOHHN NporpamMm Kato M3TOYHULN Ha Ta3n YCTOMYMBOCT Or-4ncta
XpaHuTemnHa nNpoayKums.
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INTRODUCTION

Beans are an important agricultural crop, which is subjected to attacks from many
biological enemies, both in the field of cultivation and storage. One of the most
important is the responsibility of bean weevil (Acanthoscelides obtectus Say). Adult
insect deposited their eggs on the surface of grains. The hatched larvae are fretting
inside the seeds and they are turn into a pupa and adult insect.

For the conservation of beans stored products is mainly used a set of insecticides.
Unilateral application of these pesticides against bean weevil rise to resistance in the
populations [1, 6, 13, 18].

Therefore, in relation to environmental protection and consumption of pure pesticide
food a global trend for the limited application has been adopted.

Modern plant protection programs like special hermetic packaging for storage, use
insecticide action on plant products, powders, oils, etc. has been developed [1, 7, 11,
12, 14, 16].

One of the most efficient and environmentally safety methods for protection from
bean weevil in beans is growing of resistant varieties [3].

In this context, the aim of this study was to examine the level of resistance in 30 lines
and varieties of common beans to the bean weevil Acanthoscelides obtectus Say.

MATERIAL AND METHODS

The study was conducted in controlled laboratory conditions with 30 common bean
genotypes (Table 1). The experiment was set up in four iterations with 10 seeds of
each genotype and infected by a couple - male and female of Acanthoscelides
obtectus Say.

Reported indicators were the mortality of insects (on the 14™ and 21% day of set up
the experiment), seed damage (21% day) and the number of young adult insects (62"
day).

Table 1. Tested Bulgarian common bean genotypes.
Tabnwuua 1. MpoyyBaHn 6GbNrapckm reHoTMnNK cpacyn

Ne GENOTYPES Ne GENOTYPES Ne GENOTYPES
1.  Ludogorie 11. A195 21. 1028
2. Garmen 12. Dunav 1 22. Dobrudjanski ran
3. Padesh1 13. Hitovo 23. Plovdiv 11M
4. Samoranovo 14. Trudovetz 24. Plovdiv 15M
5. 1ZK-DK-4 15. IIRR 7585 25. Trakijski
6. 80-7-11-12 16. Cristal 137 26. Abritus
7. Pokrovnik 17. 84-34-1 27. Dobrudjanski 7
8. Plovdiv 10 18. Bisser 28. 1026
9. Medkovetz 98-1 19. Oreol GP 29. Prissad
10. Dobrudjanski 2 20. IIRR 1426 30. Bulgari
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The obtained results were analyzed by Single Factor (ANOVA) Analysis of Variance
[21]. By Student's “t” criterion was established warranted to determine the differences
between genotypes and the standard variety Plovdiv 10 [19].

Morphological data were analyzed by numerical taxonomy technique using NTSYS-
pc version 2.01b (1986-1997, Applied Biostatistic Inc.). The principal component
analysis was used to derive the variance from data associated with the first three
principal components. Two-dimensional graphics for the studied traits were
presented with vectors [5].

The DIST coefficient was used to cluster individuals applying the SAHN procedure,
which uses the unweighted pair group method with arithmetic averages (UPGMA)
[15]. Phenograms for similarity were produced using the TREE DISPLAY sub-
program.

RESULTS AND DISCUSSION

The data presented in Table 2 demonstrated that there is warranted (at level P =
0.001) between the comparison of insect mortality and survival rate recorded on the
14" and 21% day of set up the experiment.

Table 2. The results of Single Factor Analysis.
Tabnuua 2. Pe3yntatu oT egqHOGaKkTOpHUS ANCNEPCUOHEH aHanms.

Source of

2 .
variation SQ FG S F exp. F crit

Reporting on the 14" day
Between Groups 143,7316 1 143,7316 167,6875 11,97259
Within Groups 51,42839 60 0,85714
Total 195,16 61

Reporting on the 21% day
Between Groups 1253,701 1 1253,701 4101,673 11,97259
Within Groups 18,33935 60 0,305656
Total 1272,04 61

No correlation between the numbers of live insects recorded on the 14™ and 21% day
of set up the experiment was found in this study. Relatively large number (10)
genotypes were seriously damaged - 50% to 70 %. The high mortality has been
recorded in the number of the new transformed adult insects (Table 3).

In the first reporting (on 14" day) the highest number of live insects were for the
seeds of genotypes - Bulgari and [IRR 75 85, and on 21 day for Padesh 1,
Pokrovnik, IIRR 75 85 and Dunav 1.

Mortality rate on the 14" day varied from 47% to 83 %, while in the second reading
(on the 21% day) it is 100% in 12 variants (40% of the total number of variants), while
in other genotypes ranged from 83% to 97 %.

Warranted to determine the differences, established by the Student’s "t" criterion, to
the standard variety Plovdiv 10 is different.
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Table 3. Recorded mortality and survival rate of beetles (Average of the 4
replications).
Tabnunuya 3. CMbPTHOCT U NPEXUBAEMOCT Ha Bb3pacTHUTE (cpedHo oT 4

NOBTOPEHUS).
14" day 21%day
o
N" GENOTYPES Alive, Dead, Alive, Dead,
No. No. No. No.

1. Ludogorie 3,7 6,3"* 0" 10,0
2- Garmen 4’3 n.s. 5’7 n.s. OI’].S. 10,0 n.s.
3. Padesh 1 3,7 6,3"* 1,5 " 8,5
4. Prelom 3,37 6,7" one 10"

5. Samoranovo 3,07 7,07 0,3 9,7

6. |ZK-DK-4 4,3 57" 0,3 9,7

7. 80-7-11-12 3,3" 6,7 0,7 9,3
8. Pokrovnik 4,3 57" 1,7 8,3
9. Plovdiv 10 (St) 4,0 6,0 0 10,0

10. Medkovetz 98-1 2,07 8,0°" 0,7 9,3
11. Dobrudjanski 2 1,77 8,3 1,007 9,0"*
12. A 195 40" 6,0 ons 10,0
13. Dunav 1 4,3 57" 1,37 7" 8,77
14. Hitovo 3,07 7,00°° ons 10,0
15. Trudovetz 3,3" 6,7" 0,7 9,3
16. IIRR 7585 50" 50" 1,77 8,3
17. Cristal 137 4,7 53" ons 10,0
18. 84-34-1 2,3 7,7 1,007 9,0
19. Bisser 3,37 6,7" 0,7 " 9,3
20. Oreol GP 2,77 7,3 ons 10,0
21. IIRR 14 26 3,3" 6,7 0,7 9,3""
22. 1028 3,07 7,00°° 1,00°° 9,0
23. Dobrudjanski ran 4,3 57" 1,007 9,0"™"
24- PIOleV 11M 4,3 n.s. 5’7 n.s. On.S. 10,0 n.s.
25. Plovdiv 15M 4,0 6,0 ons 10,0
26. Trakijski 3,7 6,3" 0,3 9,7"

27. Abritus 2,37 7,7 ons 10,0
28. Dobrudjanski 7 2,77 7,3 0,7°" 9,3"**
29. 1026 1,77 8,377 ons 10,0
30. Prissad 3,07 70" on 10,0
31. Bulgari 53" 4,7 0,3 9,7

GD 5,0%(+;-)

GD 1,09%(++; - )

GD 0,1%( +++; - - -)

NOTE: n.s. — Less than GD 59,
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There are different seed damages among different bean genotypes (Fig. 1).
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Figure 1. Seed damages recorded on the 21% day of set up the experiment.
durypa 1. MNoBpeamn Ha cemeHaTa, oT4YeTeHN Ha 217 feH oT 3anaraHe Ha
ekcnepumMmeHTa

Varieties Crystal 137, Plovdiv 11M, Bulgari and Abritus show the best resistance to
damage by bean weevil. The extent of seed damages does not exceed 8% - 13%.
Slightly preferred host insect species are the genotypes - IZK-DK-4, A 195, Plovdiv
15M and Dobrudjanski 7. The seed damages are range from 17% to 26 %. These
varieties are object of interest since they differ in many morphological traits.

The third group include the genotypes (Garmen, Padesh 1, Samoranovo, 80-7-11-12,
Medkovets 98-1, Dunav 1, Hitovo, 84-34-1, IIRR 1426, Dobrudjanski ran and 1026),
less preferred by Acanthosceides obtectus Say. The seed damages are ranging from
30% to 43 %.

It is interesting to noted that Schoonhoven et al. [17] found low levels of resistance in
cultivated genotypes of the common bean, Phaseolus vulgaris L., to the bean weevil,
Acanthoscelides obtectus (Say), but high levels of resistance in noncultivated wild
forms of beans. Resistance was expressed as reduced oviposition, a prolonged
larval developmental period, and reduced progeny weight.

It is noteworthy that almost all of our genotypes with colored seeds are attacked by
Acanthosceides obtectus Say. less than those, with white seeds (table 4, fig. 1).

Seed’s size has also an important feature. It is shown on figure 1, that the seeds of
big sized genotypes are less damaged than those with smaller seeds (table 4).
Schoonhoven et al. [17] found that weevil resistance in studied of them genotypes
was related to small seed size, but they concluded that other factors were probably
more important.
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Table 4. Color and size of the seeds in tested Bulgarian common bean genotypes.

Tabnuua 4. OuBeTaBaHe N egpyHA Ha cCeMeHaTa Ha nNpoyyYBaHuTe 6brrapcku

reHoTMnn dpacyn.

Ne GENOTYPES COLOR SIZE Ne GENOTYPES COLOR SIZE
1. Ludogorie White Small 16. Cristal 137 White Small
2. Garmen White Big 17. 84-34-1 Colored Small
3. Padesh 1 White Small 18. Bisser Colored Small
4. Samoranovo Colored Small 19. Oreol GP Colored Small
5. |1ZK-DK-4 White Small 20. IIRR 1426 Colored Small
6. 80-7-11-12 Colored Small 21. 1028 White Small
7. Pokrovnik White Small 22. Dobrudjanskiran White Big
8. Plovdiv 10 White Small 23. Plovdiv 11M White Small
9. Medkovetz 98-1 White Small 24. Plovdiv 15M White Small
10. Dobrudjanski2  White Small 25. Trakijski Colored Small
11. A195 Colored Big 26. Abritus Colored Small
12. Dunav 1 White Small 27. Dobrudjanski 7 White Small
13. Hitovo Colored Small 28. 1026 White Small
14. Trudovetz White Small 29. Prissad White Big
15. IIRR 75 85 Colored Small 30. Bulgari White Big
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Figure 2. Phenogram of 30 common bean accessions based on the UPGMA

The cluster analysis in Figure 2 presents two main cluster groups formed. The first
one includes 12 and the second - 18 genotypes. First cluster group, with some

exceptions also consist of genotypes with relatively less damaged seeds (13 to 26%).

Figure 3 reveals the essential role of the live beetles and the correlation with the

seed damages and the hatching of new insects (40.83%), recorded on the 14" day of

the experiment. These three attributes - live beetles on the 14" day (Life 1) seed
damages (Damseeds) and young adult insects (New Adults) are pointed out on the
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right of the graphs (Fig. 3. 1-2 and 1-3). Less influential are the live insects recorded
on the 21% day (15.83%), and at least - the young adults (2.78%).

.85 -e2 0.54 Affe1

0.31
seeds i

NewAdultes 3 009 o
NewAdultes

-0.14
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-1.39 -0 . . 1.75 -1.39 -0.61 0.18 0.96 175

Figure 3. Principal component analysis of the 30 accessions and the projection
of the traits in axes 1-2 and 1-3.

According to [10] host food that is less damaged by an insect species in relatively
constant environmental conditions, can be considered as sustainable. It is known that
the level of resistance varies between hosts in two extremes - immunity and high
sensitivity [2].

We can assume that the reason for the sustainability of the genotypes 1ZK-DK-4, A
195, Plovdiv 15M and Dobrudjanski 7 to the weevil been is based on their specific
morphological, physical and biochemical barriers.

Physical barriers, such trichomes, surface waxes, solid and tissue sclerotinisation are
genetically regulated biochemical processes.

According to Nietupski et al. [9] the natural resistance of the bean varieties to bean
weevil is a complex process that is governed by several physical and chemical
factors. The main role lies on the lectin protein group who break down the nutrition of
bean weevil by inactivation of digestive enzymes.

Known hypotheses explaining host specialization in insects used as an argument of
the existence of genetic transformations in larva development under the influence of
host varieties [8].

Since Camargo Lezama et al. [3] testing 6 bean lines and varieties on preference,
mortality and fertility of the Acanthosceides obtectus Say. and defined the line CPG
0131 as the most resistant to that enemy.

Chipollini and Stiles [4] concluded that indirect size-selective seed predation can
have significant effects on maternal plant fitness both by altering the number of
progeny produced, and by altering the fitness of surviving progeny.

CONCLUSIONS

Tested 30 bean genotypes react specific against weevil bean.
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Varieties Plovdiv 11M, Abritus, Crystal 137 and Bulgari had a relatively good
resistance to bean weevil. They can be used in future breeding programs as sources
of resistance for clean food production.
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