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APPENDICES
Appendix 1. Research schedule
o March April May June July August
No Activity
v v INEII RN IV IV I v
1 Register proposal
) Seminar proposal
Refine the thesis
3 proposal.
Make a letter to
4 start research to
the dean.
Make a laboratory
5 | registration letter.
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o March April May June July August
No Activity
IV v IV v TR NNY Inin| v
Isolation of
6 entomopathogenic
fungi
Prepare a
concentration of
8 | entomopathogenic
fungi.
Proceed to sow
9 chili seeds.
10 Transplant the tree
into a poly-bag
Collect harmful
1 aphids on chili and

propagate them in

the laboratory.
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No

Activity

March

April

May

June

July

August

12

Testing and
evaluating aphid
resistance under

laboratory
conditions of
entomopathogenic

fungi

13

Testing and
evaluating the
ability of
entomopathogenic
fungi to resist
leafhoppers in
greenhouse
conditions of
entomopathogenic

fungi
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August

o March April May June July
No Activity
IV INRIEE AR RN RN
Collect data on red
14 .
chili pepper.
15 Handle data
16 Writing thesis
Thesis seminar
17
results
Adjust thesis
18

results




Appendix 2. Experimental design diagram
Experiment 2

105

B 10% A 10% A 10* B 10*
D 10% C 10% D 10* C 10*
D 108 C 108 D 10° C 106
B 108 A 108 A 10° B 10°

* Note: Treatment A: (Control): Using distilled water.

Treatment B: Using B. bassiana
Treatment C: Using M. anisopliae
Treatment D: Using T. asperellum
Experiment 3

B

G

o|m

* Note: Treatment A: (Control): Using distilled water.

Treatment B: Using Insecticide
Treatment C: Using B. bassiana
Treatment D: Using M. anisopliae
Treatment E: Using T. asperellum

Appendix 3. Statistix data of Table 4. Radial growth rate of B. Bassiana, M.
Anisopliae, and T. asperellum isolates at different time intervals

ANOVA Table for Diameter Day 4 by Fungi

Source DF SS MS F P
Fungi 2 14931.7 7465.85 2723 0.0000
Error 12 32.9 2.74
Total 14 14964.6
Grand
Mean 45.497

CcVv 3.64

Germination rate

Source DF SS MS F P
Fungi 2 2.836 1.4181 0.12 0.8874
Error 12 141.097 11.7581
Total 14 143.933

Grand
Mean 96.657

Cv 3.55
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ANOVA Table for Radial Growth by Fungi

Source DF SS MS F P
Fungi 2 933.232 466.616 4926  0.0000
Error 12 1.137 0.095
Total 14 934.369

Grand Mean: 11.374
Cv 2.71

Appendix 4. Statistix data of Table 6: Mortality rate of fungi by 10 days
Analysis of Variance Table for MORTALITY

Source DF SS MS F P
Concentration 3 95.062 31.687 44.74 0.0000
Fungi 3 605.729 201.910 285.05 0.0000
ﬁﬁlgcie””a“o” 1 9 38521  4.280 604  0.0001
Error 32 22.667 0.708

Total 47 761.979

Grand Mean: 57.083

CV (%): 16.77

Appendix 5. Statistix data of Table 7:
Lethal concentrations (LCso and LCgs) of B. bassiana

Source Deviance Df P-Value
Model 54.6587 1 0,0000
Residual 3.49378 13 0,9955
Total (corr.) 58.1525 14

Lethal concentrations (LLCso and LCgs) M. anisopliae

Source Deviance Df P-Value
Model 59,2496 1 0,0000
Residual 3,97734 13 0,9914
Total (corr.) 63,227 14

Lethal concentrations (LCso and LCgs) T. asperellum

Source Deviance Df P-Value
Model 126,582 1 0,0000
Residual 18,1376 13 0,1524

Total (corr.) 144,719 14
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Appendix 6. Statistix data of Table 8: Mortality time of fungi
Analysis of Variance Table for Mortality Time

Source DF SS MS F P
Concentration 3 11.089 3.6962 3 11.089
Fungi 3 106.567 35.5224 3 106.567
Concentration x 9 12721 14134 9 12.721
fungi

Error 32 1.076 0.0336 32 1.076
Total 47 131.453

Grand Mean: 2.5729

CV (%): 7.13

Appendix 7. Statistix data of Table 9 and Table 10

Lethal time (LTso and LTgs) of B. bassiana 10*

Source Deviance Df P-Value
Model 9,21777 1 0,0024
Residual 11,078 28 0,9982
Total (corr.) 20,2958 29

Lethal time (LTso and LTgs) of B. bassiana 10°

Source Deviance Df P-Value
Model 24,9693 i 0,0000
Residual 26,5237 28 0,5443
Total (corr.) 51,493 29

Lethal time (LTso and LTgs) of B. bassiana 108

Source Deviance Df P-Value
Model 64,2531 & 0,0000
Residual 33,5892 28 0,2147
Total (corr.) 97,8424 29

Lethal time (LT and LTgs) of B. bassiana 10°

Source Deviance Df P-Value
Model 92,0667 1 0,0000
Residual 7,33495 28 1,0000
Total (corr.) 99,4017 29

Lethal time (LTso and LTos) of M. anisopliae 10*

Source Deviance Df P-Value
Model 6,94307 1 0,0084
Residual 9,68055 28 0,9995

Total (corr.) 16,6236 29




Lethal time (LTso and LTgs) of M. anisopliae 10°

108

Source Deviance Df P-Value
Model 43,8002 1 0,0000
Residual 18,2645 28 0,9193
Total (corr.) 62,0646 29

Lethal time (LTso and LTgs) of M. anisopliae 108

Source Deviance Df P-Value
Model 28,4993 1 0,0000
Residual 15,4151 28 0,9737
Total (corr.) 43,9143 29

Lethal time (LTso and LTgs) of M. anisopliae 10*°

Source Deviance Df P-Value
Model 49,4021 1 0,0000
Residual 15,2661 28 0,9755
Total (corr.) 64,6682 29

Lethal time (LTso and LTgs) of T. asperellum 10*

Source Deviance Df P-Value
Model 7,8303 1 0,0051
Residual 17,3046 28 0,9423
Total (corr.) 25,1349 29

Lethal time (LTso and LTgs) of T. asperellum 10°

Source Deviance Df P-Value
Model 41,1946 1 0,0000
Residual 29,5248 28 0,3863
Total (corr.) 70,7194 29

Lethal time (LTso and LTes) of T. asperellum 108

Source Deviance Df P-Value
Model 52,2583 1 0,0000
Residual 28,6066 28 0,4327
Total (corr.) 80,8649 29

Lethal time (LTso and LTgs) of T. asperellum 10%°

Source Deviance Df P-Value
Model 47,432 1 0,0000
Residual 8,86856 28 0,9998

Total (corr.) 56,3006 29
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Appendix 8. Statistix data of Table 11: Effect of different concentrations of EPF
on the reproduction of Aphis gossypii under greenhouse conditions

Analysis of Variance Table for reproduction

Source DF SS MS F-value P-value
Concentration 3 23009.4 7669.8  802.07 0.0000
Fungi 3 57570.7 19190.2 2006.82  0.0000
ﬁj?}g‘;e”"a“onx 9 8206.4 9218 9640  0.0000
Error 32 306.0 9.6

Total 47 89182.5

Grand Mean: 59.896

CcVv 5.16

Appendix 9. Statistix data of Table 12: Percentage of attack Aphis gossypii
Analysis of Variance Table for Percentage of attack by Aphis gossypii

Source DF SS MS F-value P-value
Concentration 3 6203.9 2068.0 19.86 0.0000
Fungi 3 48240.2 16080.1 154.39 0.0000
ﬁj?]gcie””a“on i 9 2499.9 2778 267 00197
Error 32 3332.8 104.1

Total 47 60276.8

Grand Mean: 45.833

Ccv 22.27

Appendix 10. Statistix data of Table 13 Leaf Curl Rate of Chili Plants 30 Days

After Aphis gossypii

Source DF SS MS F-value P-value
Concentration 3 17054.4 5684.79  81.87 0.0000
Fungi 3 24832.4 8277.47 119.21 0.0000
%%gﬁe”trat'onx 9 68577 76197 1097  0.0000
Error 32 2221.9 69.43

Total 47 50966.4

Grand Mean: 62.153

Cv 13.41
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Appendix 11. Statistix data of Table 14: Feeding preference of Aphis Gossypii
Analysis of Variance Table for Feeding Preference of Aphis Gossypii

Source DF SS MS F-value P-value
Concentration 3 125.8 41.95 0.05 0.9846
Fungi 3 4842.8 1614.27 1.97 0.1291
gﬁ}g‘;e”"m'onx 9 119280 132533 162  0.1329
Error 56 45913.2 819.88

Total 71

Grand Mean: 47.405

04V 60.40

Statistix12. Data of Table 15: Analysis of VVariance Table: The impact of different
concentrations of entomopathogenic fungi on Plant height

Source DF SS MS F-value P-value
Concentration 3 327.67 109.224  71.47 0.0000
Fungi 3 704.99 234,996 153.78 0.0000
]fl:ﬁ]gcie””a“onx 9 17493 19437 1272  0.0000
Error 32 48.90 1.528

Total 47 1256.49

Grand Mean: 26.883

CVv 4.60

Statistix13. Data of Table 16: Analysis of Variance Table: The impact of different
concentrations of entomopathogenic fungi on Plant Root length

Source DF SS MS F-value P-value
Concentration 3 86.19 28.731 22.79 0.0000
Fungi 3 1145.94 381.981 302.96 0.0000
ﬁ%‘;e”“am” x 9 55.41 6157 488  0.0004
Error 32 40.35 1.261

Total 47 1327.90

Grand Mean: 20.608

Cv 5.45
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Statistix14. Data of Table 17: Analysis of Variance Table: The impact of different
concentrations of entomopathogenic fungi on Plant fresh weight

Source DF SS MS F-value P-value
Concentration 3 86.534 28.8446  349.09 0.0000
Fungi 3 127.351 42.4504 513.76 0.0000
ﬁﬁ}gﬁe”m'on X 9 78814 87571 10598  0.0000
Error 32 2.644 0.0826

Total 3 86.534 28.8446  349.09 0.0000
Grand Mean: 5.8908

CcVv 4.88

Statistix15. Data of Table 18: Analysis of Variance Table: The impact of different
concentrations of entomopathogenic fungi on Plant Dry Weight

Source DF SS MS F-value P-value
Concentration 3 4.8909 1.63030 564.20 0.0000
Fungi 3 3.3151 1.10502 382.42 0.0000
ﬁj?}g‘;e””a“onx 9 1.8586  0.20651 7147  0.0000
Error 32 0.0925 0.00289

Total 47 10.1570

Grand Mean: 0.8685

CcVv 6.19

Appendix 16. Statistix data of Table 19: Mortality rate and mortality time of A.

gossypii
Mortality rate

Source DF SS MS F P
Treatment 4 73,792.0 18,448.0 301 0.0000
Error 45 2,760.0 61.3
Total 49 76,552.0
Grand
Mean 76.400
CVv 10.25
Time mortality
Source DF SS MS F P
Treatment 4 67.9910 16.9977 478 0.0000
Error 45 1.6003 0.0356

Total 49 69.5912
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Source DF SS MS F P
Grand
Mean 1.9650
CcVv 9.60
Appendix 17. Statistix data of Table 20 Value LCso LCos
Treatment B
Source Deviance Df P-Value
Model 147,6 1 0,0000
Residual 17,7082 98 1,0000
Total (corr.) 165,309 99
Treatment C
Source Deviance Df P-Value
Model 126,711 1 0,0000
Residual 158,949 98 0,0001
Total (corr.) 285,66 99
Treatment D
Source Deviance Df P-Value
Model 99,3671 1 0,0000
Residual 222,479 98 0,0000
Total (corr.) 321,846 99
Treatment E
Source Deviance Df P-Value
Model 73,2072 1 0,0000
Residual 179,946 98 0,0000
Total (corr.) 253,153 99
Appendix 18. Statistix data of Table 21
Number of aphids produced
Source DF SS MS F P
Treatment 4 246,079 61,519.6 4,883 0.0000
Error 45 567.0 12.6
Total 49 246,646
Grand Mean  48.640
CcVv 7.30
Mortality of Offspring
Source DF SS MS F P
Treatment 4 924.200 231.050 753 0.0000
Error 45 13.800 0.307

Total 49 938.000
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Source DF SS MS F P
Grand
Mean 4.6000
CcvVv 12.04
Appendix 19. Statistix data of Table 22
Chlorophyll a
Source DF SS MS F P
Treatment 4 2.13457 0.53364 7.26 0.0052
Error 10 0.73554 0.07355
Total 14 2.87012
Grand Mean 5.0816
CcvVv 5.34
Chlorophyll b
Source DF SS MS F P
Treatment 4 1.40594 0.35148 8.92 0.0025
Error 10 0.39418 0.03942
Total 14 1.80012
Grand
Mean 2.3957
cVv 8.29
Chlorophyll total
Source DF SS MS F P
Treatment 4 6.99343 1.74836 9.29 0.0021
Error 10 1.88273 0.18827
Total 14 8.87616
Grand Mean 7.4773
cVv 5.80
Appendix 20. Statistix data of Table 23
Salicylic acid
Source DF SS MS F P
Treatment 4 3.35668 0.83917 42 .4 0.0000
Error 10 0.19788 0.01979

Total 14 3.55456
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Source DF SS MS F P
Grand
Mean 47415
CcvVv 2.97
Appendix 21. Statistix data of Table 24
Plant height 90 days
Source DF SS MS F P
Treatment 4 1463.96 365.990 52.9 0.0000
Error 20 138.35 6.917
Total 24 1602.31
Grand
Mean 49.504
CcVv 5.31
Leaves height 90 days
Source DF SS F P
Treatment 4 10620.6 63.0 0.0000
Error 20 842.8
Total 24 11463.4
Grand
Mean 103.34
cVv 6.28
Flowers of a plant 90 days
Source DF SS F P
Treatment 4 3321.04 830.260 324 0.0000
Error 20 51.20 2.560
Total 24 3372.24
Grand
Mean 21.480

Ccv 7.45




Fruit of a plant in 90 days
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Source DF

SS MS F

Treatment 4
Error 20
Total 24

Grand

Mean 17.200

2284.80 571.200 492
23.20 1.160
2308.00

0.0000

Cv 6.26

Appendix 22. Statistix Data Salicylic acid by HPLC device
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Figure 21. Germination Test of Entomopathogenic Fungi
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Figure 22. Morphological characteristics of colonia forms of three entomopathogen fungi. (a)
Colonia form of B. bassiana; (b) Colonia form of M. anisopliae;(c) Colonia form of T.

asperellum.

Appendicex 24. Experiment 11
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Figure 24. Preparation of fungal extracts and seedling treatment before
transplantation. (a) Liquid culture extracts of B. bassiana (BB), M.
anisopliae (MT), and T. asperellum (TT) were prepared for root dipping;
(b) Root immersion of chili seedlings in fungal extract solution before

transplanting into soil pots.
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Figure 25. Morphological characteristics of Aphis gossypii reared on chili pepper plants for

experimental use. (a) Nymphal and adult stages showing typical yellow phenotype; (b)
green morph observed on matu:e leaves.

»

Figure 26. Natural infestation of Aphis gossypii on chili pepper plants used for aphid collection. (a)
Aphid colonies concentrated on young shoots and buds; (b) Close-up of aphids on the
abaxial leaf surface before collection for experiment.

sagd FURSARENERSS T ‘ ..‘
Figure 27. (a) Adult Aphis gossypii maintained on chili leaf; (b) Adult and nymphal stages with

molting exuviae observed during laboratory rearing.
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Figure 28. Chili plants were prepared for experiment Il. (a) Chili seedlings prepared for infestation;
(b) Plants covered with plastic cylinders during aphid release in Experiment II.
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Figure 29. Preparation and application of entomophogenic fUﬁgaI suspension for Experiment II.
(a) Preparation of the fungal suspension before application. (b) Application of the fungal
suspension onto chili seedlings.

L M |

Figure 31. Host plant choice e'xperiment of Aphis‘gossypii.

€3

Figure 32. Cadavers of Aphis gossypii collected after EPF treatment after 24 hours
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Figure 33. Evaluation of Entomopathogenic fungi colonization on chili leaves 30 days after
treatment.

Appendix 25. Experiment 111

Figure 34. Chili seeds were surface-sterilized using sterile distilled water and 70% ethanol before
immersion in the entomopathogenic fungi suspension.
> !

Figure 36. A commercial variety of>apsicum annuum (Chili Kencana) was used in this study.
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Figure 37. Preparation of entomopathogenic fungal crude extracts for bioassay against Aphis
gossypii in Expe[iment 11,

i 5

Figure 38. Preparatidn of chili plat and ppllcatlon of fungalsspension ébmt Aphis gossypii for
experiment I11. (a) Chili seedlings before treatment. (b) Chili plants covered with plastic
cylinders for aphid protection and fungal suspension spraying under greenhouse

conditions.
j .
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Figure 39. Preparation of chili leaf extracts for the determin ylic acid content.

Figure 40. Effect of treatments in Experment 111 on the growth performance of chili plants
(Capsicum annuum).
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