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Fig. 1. Population fluctuations of adult bean pod borer moths captured by pheromone traps over two years of

2022-2023 and 2023-2024
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Table 1. Compound variance analysis of the effects of planting date, irrigation method, and biological and low—

risk insecticide application on the damage caused by the bean pod borer over two years of 2022—-2023 and 2023—
2024

Ms
Mean of
Mean Mean Mean Mean of Mean of number,
number number number Mean of Mean of number,3  number,7
sov df of of holes of infestation%  damage  days after  days after 15 days
infested on pod infested (per 10 scale (per  spraying  spraying after
pod (per (per10  seed (per plants) 10 plants)  (per 10 (per 10 spraying
10 plants)  plants) 10 plants) plants) plants) (per 10
plants)
Year 1 0.04" 0.05" 0.05" 0.29™ 0.30m 272.56™ 268.28" 95.06"
Irrigation 1 0.03™ 0.04™ 0.04™ 0.70™ 0.56™ 889.07™ 529.47* 265.88™
Year* Irrigation 1 0.00"s 0.00"s 0.00ms 0.11ms 0.16" 0.69ms 24.03™ 11.46"
Main plot error
(Irrigation) 4 0.001 0.001 0.001 0.04 0.03 32.85 9.32 20.23
Sowing date 1 0.10™ 0.12™ 0.13" 2.07™ 310" 45313  417.48"  237.67"
H 1 *
Irrigation 1 0.00"s 0.008" 0.008" 0.02 0.12 7.47m 0.60 3.78m
Sowing date
Year* Sowing date 1 0.00"s 0.01" 0.01" 0.13ms 0.07ms 0.16" 2.74m 0.52ns
Year* Irrlgation * ns ns ns ns ns ns ns ns
Sowing date 1 0.00 0.00 0.00 0.01 0.00 1.38 0.03 0.94
Qgrrl‘t’rgl‘em'ca' 1 0.04" 0.04" 0.04" 1.16™ 102" 166334 187625  653.20™
Irrlgatlon * n0n7 ns ns ns ns ns ns ns ns
chemical control 1 0.00 0.00 0.00 0.01 0.01 1.18 3.11 0.39
Sowing date* non- 0.00" 0.001%  0.002% 0.00™ 0.07"s 2.24ns 0.54s 0.02"s
chemical control
Irrigation *
1 *
Sowing date 1 0.00" 0.00" 0.00™ 0.01™ 0.03™ 0.00™ 2.00™ 2.50™
non-chemical
control
* _
Year” non 1 0.00"s 0.008" 0.008" 0.001s 0.02 177 25,521 4.64™
chemical control
Year* Irrigation *
non-chemical 1 0.00"s 0.004"s 0.004" 0.005"m 0.00ms 8.77m 21.87™ 5.18m
control
Year* Sowing date
* non—chemical 1 0.00"s 0.002ms 0.002m 0.005"m 0.02ns 3.09ms 1.39m 27.13™
control
Year* Irrigation *
1 *
Sowing date 1 0.00" 0.003  0.003™ 0.03™ 0.003™ 0.35™ 0.47 5.09™
non-chemical
control
Et (Total error) 24 0.06 0.001 0.002 0.04 0.06 11.91 9.06 2.47
CVv — 55 4.92 4.92 11.77 13.41 5.75 7.38 5.51

ns: non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 2. Analysis of variance for the effects of planting date, irrigation method, and and biological and low—risk
insecticide application on pod borer damage in beans borer over two years of 2022-2023 and 20232024

Ms
sov df  Mean Mean Mean Mean of Mean of Mean of  Meanof  Mean of
number number number infestation% damage number,3 number,7  number,
of of of (per 10 scale (per  daysafter daysafter 15 days
infested  holes  infested plants) 10 plants)  spraying  spraying after
pod on pod seed (per 10 (per 10  spraying
(per 10  (per 10  (per 10 plants) plants) (per 10
plants)  plants)  plants) plants)
2022-2023
Irrigation 1 0.02 0.02™  0.02" 0.68™ 0.67™ 469.67  389.54™  193.86™
Sowing date 1 0.08" 0.10™  0.10™ 1.63™ 2.04™ 218.22™ 176.31™  130.25™
non-chemical control 1 002 0.005"  0.005™  0.54™ 0.37" 778.28™  732.06™  273.85™
Irrigation * Sowing 1 0.00m™ 0.00" 0.00" 0.00™ 0.04" 1.21m™ 0.44" 4.24m
date
Irrigation * non- 1 0.00m™ 0.004™  0.004"™  0.00™ 0.00" 8.20™ 20.74" 1.37m
chemical control
Sowing date * non— 1 0.00m 0.00™ 0.00m 0.003"™ 0.007"™ 0.03" 1.83m 12.83m
chemical control
Irrigation * Sowing 1 0.001™ 0.002" 0.002"  0.04"™ 0.03™ 0.17m 0.27™ 7.36™
date* non—chemical
control
Et (Total error) 16 0.002 0.001 0.001 0.04 0.06 14.53 14.46 7.04
CcVv - 573 4.33 4.33 12.7 14.03 6.11 8.81 8.86
2023-2024
Irrigation 1 0.01" 0.02" 0.02" 0.13" 0.06™ 420.09™  163.96™  83.48™
Sowing date 1 0.03" 0.03™ 0.03™ 0.58™ 1.13" 235.06™ 24391  104.95™
non-chemical control 1 003" 0.04" 0.04™ 0.63™ 0.67™ 886.83™ 1169.71" 384.00™
Irrigation * Sowing 1 0.00™  0.002™  0.002™ 0.03™ 0.08™ 7.65" 0.18™ 0.48™
date
Irrigation* non— 1 0.00m 0.00" 0.00" 0.01" 0.01" 1.75™ 4.24" 4.20"™
chemical control
Sowing date * non— 1 0.00"  0.004"™  0.004™ 0.002" 0.08" 5.29" 0.10" 14.32m
chemical control
Irrigation * Sowing 1 0.00™ 0.00™ 0.00™ 0.001" 0.007" 0.18™ 2.20m™ 0.23"™
date* non—chemical
control
Et (Total error) 16  0.002 0.003 0.003 0.03 0.05 12.21 11.33 3.49
CVv — 4.77 5.77 5.77 9.42 11.70 6.06 8.76 6.89




ooy ColS 1, 5yl gy iU 2 0 9 (g 01

£

Dl Sl (g, s rf 5 ) S S e i 5 58 5 T i, s b S oSl duslin =¥ J 5ol

Foi b g Ll

Table 3. Comparison of mean effects of planting date, irrigation method, and biological and low—risk insecticide

application on damage caused by the bean pod borer over two years of 2022-2023 and 2023-2024

Treatment Mean Mean Mean Mean of Mean of
number of number of number of  infestation% damage
infested pod holes on infested (per 10 scale (per
(per 10 pod (per 10  seed (per 10 plants) 10 plants)
plants) plants) plants)
2022-2023
Irrigation
drip 0.23+0.04b  0.22+0.03b  0.224+0.03b  1.78+0.29b  1.63+0.10b
sprinkler 0.32+0.04a  0.33+0.05a 0.33#0.05a 2.92+0.41a 1.97+0.13a
Sowing date
Early planting 0.38+0.03a  0.39+0.03a  0.39+0.03a  3.22+0.34a 2.1+0.11a
Common planting 0.17+0.02b  0.16+£0.01b  0.16+0.01b  1.494+0.23b  1.51+0.07b
non—chemical control
Roy agro 0.23+0.03b  0.25+0.05b  0.25+0.05b  1.88+0.37b  1.67+0.13b
Bt 0.32+0.04a  0.30+0.04a 0.30#0.04a 2.83+#0.36a  1.92+0.12a
Drip—early planting—Roy agro 0.27+0.07c  0.24+0.03c  0.24%#0.03c 1.92+0.28de 1.70+0.15cd
Drip—early planting-Bt 0.40+0.06b  0.37+£0.03b  0.374£0.03b 3.16+0.22bc  2.07+0.18b
Drip—common planting—Roy agro 0.10+0.01e  0.10+0.01e  0.10+0.0le  0.72+0.11f  1.30£0.02e
Drip—common planting—Bt 0.17+0.03d 0.17+0.03de 0.17+0.03de  1.32+0.25e 1.47%0.09de
Sprinkler—early planting—Roy agro 0.40+0.06b  0.50+0.06a  0.50+0.06a  3.52+0.78b 2.20+0.21ab
Sprinkler—early planting—Bt 0.47+0.07a 0.47+0.03a 0.47+0.03a  4.27+0.66a  2.40+0.49%a
ig:c')“k'er‘common planting-Roy 0.17+0.07d  0.11#0.07e 0.17+0.07de  1.37+0.49d  1.50+0.20d
Sprinkler—-common planting—Bt 0.27+0.03c  0.20+0.01d  0.20+0.0la  2.55+0.15¢c  1.77#0.03c
2023-2024
Irrigation
drip 0.33+0.03b  0.33+0.04b  0.33+0.04b  2.54+0.26b  1.91+0.10b
sprinkler 0.42+0.04a  0.44+0.05a  0.44+0.05a  3.09+0.31a  2.00%0.11a
Sowing date
Early planting 0.44+0.03a  0.46+0.05a  0.46+0.05a  3.38+0.28a  2.17+0.10a
Common planting 0.32£0.02b  0.32+0.02b  0.32+0.03b  2.25+0.21b  1.74+0.06b
non—chemical control
Roy agro 0.32£0.03b  0.31+0.02b  0.31+0.02b  2.244+0.23b  1.79+0.08b
Bt 0.44+0.03a  0.47+0.05a  0.47+0.05a  3.39+a0.26  2.12+0.10a
Drip—early planting—Roy agro 0.30+0.06cd  0.30+0.06c  0.30+0.06c  2.30+0.45cd  1.80+0.17b
Drip—early planting—Bt 0.47+0.03b  0.47+0.09b  0.47£0.09b  3.65+0.32b  2.33+0.12ab
Drip—common planting—Roy agro 0.23+0.03d  0.23+0.07d  0.23+0.07d 1.53+0.10de  1.63%0.14c
Drip—common planting-Bt 0.33+0.03c  0.33+0.03c  0.33+0.03c  2.70+0.26c  1.87+0.12b
Sprinkler—early planting—Roy agro 0.43+0.03b  0.40+0.06bc 0.40+0.06bc 3.15+0.29bc  2.10+0.15ab
Sprinkler—early planting—Bt 0.57£0.07a 0.67+0.07a  0.67+0.07a  4.44+0.37a  2.47+0.12a
ig:c')”k'er‘common planting-Roy 4 3040 06cd  0.30£0.01c  0.30+0.01c  1.9840.44d  1.63+0.13¢
Sprinkler—common planting—Bt 0.40+0.06b  0.40+0.06bc  0.40+0.06bc  2.79+0.42c  1.83+0.09b

Means in a column followed by different letters are significantly different.
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Table 4. Compound variance analysis of the effects of planting date, irrigation method, and biological and low—

risk insecticide application on the damage caused by the bean pod borer over two years of 2022—-2023 and 2023—
2024

Ms

Sov df  Mean Mean Mean Mean of Mean Mean of

number number number infestation% of yield (Kg/ha)

of of of (per 10 damage

infested holes infested plants) scale

pod onpod seed (per 10

(per 10  (per 10  (per 10 plants)

plants)  plants)  plants)
Year 1 013 0.08" 0.08" 12.64™ 1.14" 662810.97"
Irrigation 1 158" 0917 0917  79.44™ 6.75"  789573.69"
Year* Irrigation 1 0.01™ 0.007™ 0.007™  0.17™ 0.03"™ 57499.670™
Main plot error (Irrigation) 4 0.02 0.24 0.02 1.37 0.10 342467.83
Sowing date 1 038" 019" 019" 17.36™ 2177 2634225.59™
Irrigation * Sowing date 1 0.00m™ 0.00™  0.00™ 0.90™ 0.03m™ 279.95"™
Year* Sowing date 1 0.00m™ 0.00  0.00™ 0.00™ 0.00™ 1375.388™
Year* Irrigation * Sowing date 1 0.00™ 0.00  0.00™ 2.32" 0.21™  82132.69™
non-chemical control 1 017" 021 021"  15.40™ 1.02™  3425621.71™
Irrigation * non—chemical 1 0.02% 0.00™ 0.00™ 479" 0.00™ 22985.38™
control
Sowing date* non—chemical 1 0.00m 0.00  0.00™ 0.43™ 0.24™ 27253.89™
control
Irrigation * Sowing date *non— 1 0.00™ 0.00m™ 0.00™ 0.14" 0.00" 4767.26™
chemical control
Year* non—chemical control 1 0.00™ 0.00m 0.00™ 0.39™ 0.00m 21322.84™
Year* Irrigation * non— 1 0.00m™ 0.00"  0.00™ 0.05" 0.00™ 181267.67™
chemical control
Year* Sowing date * non— 1 0.00m™ 0.00"  0.00™ 0.01m 0.02™  313397.34™
chemical control
Year* Irrigation * Sowing date 1 0.00™ 0.03™  0.03™ 0.02" 0.05™ 16982.42"
* non—chemical control
Et (Total error) 24 0.004 0.008 0.008 0.42 0.07 108755.60
CcVv - 12,64 16.68 16.68 17.43 11.62 15.92

ns: non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 5. Analysis of variance for the effects of planting date, irrigation method, and biological and low—risk
insecticide application on pod borer damage in beans borer over two years of 2022-2023 and 2023-2024

MS
Sov df Mean Mean Mean Mean of Mean of Mean of
number of  number number infestation% damage yield
infested of holes of (per 10 scale (per (Kg/ha)
pod (per on pod infested plants) 10 plants)

10 plants) (per 10 seed (per
plants) 10 plants)

2022-2023

Irrigation 1 0.24™ 0.13" 0.13" 2,57 3.84™ 636609.97"
Sowing date 1 0.06™ 0.02" 0.02" 0.54™ 1.04™ 1257608.649™
non-chemical control 1 0.02 0.02™ 0.02™ 0.32™ 0.43™  1993738.79™
Irrigation * Sowing date 1 0.001" 0.00™ 0.00™ 0.06™ 0.04m 46001.39™
Irrigation * non— 1 0.002" 0.002" 0.002" 0.07m 0.007"  166675.000™
chemical control

Sowing date * non— 1 0.002" 0.00™ 0.00™ 0.004" 0.20" 262744.763"
chemical control

Irrigation * Sowing date* 1 0.00™ 0.003" 0.003" 0.006" 0.04m 1877.086"™
non—chemical control

Et (Total error) 16 0.002 0.002 0.002 0.03 0.05 83219.523
CcVv - 5.18 5.14 5.14 9.62 10.00 12.78
2023-2024

Irrigation 1 0.16™ 0.09" 0.09™ 2.31™ 2.94™ 172206.959"
Sowing date 1 0.04™ 0.02*" 0.02"" 0.54™ 1.13™ 1742754.110™
non-chemical control 1 0.02" 0.02™ 0.02™ 0.52™ 0.60"  1767014.921™
Irrigation * Sowing date 1 0.00m 0.00™ 0.00™ 0.08™ 0.20™ 1985.802™
Irrigation * non— 1 0.00™ 0.00™ 0.00™ 0.08" 0.00™ 4906.902"
chemical control

Sowing date * non— 1 0.00m 0.00™ 0.00™ 0.004"s 0.06™ 45317.481™
chemical control

Irrigation * Sowing date* 1 0.00™ 0.00™ 0.00™ 0.00™ 0.01m 5584.856"
non—chemical control

Et (Total error) 16 0.001 0.002 0.002 0.04 0.10 200821.309

Ccv - 3.54 4.68 4.68 9.42 13.23 23.65
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Table 6. Comparison of the average effect of planting date, irrigation method, and biological and low-risk
insecticide application on the damage caused by the bean pod borer and yield components over two years of

2022-2023 and 2023-2024

Bt

Treatment Mean Mean Mean Mean of Mean of Mean of yield

number of number of number of infestation% damage scale  (Kg/ha)

infested pod  holes on infested (per 10 (per 10

(per 10 pod (per seed (per plants) plants)

plants) 10 plants) 10 plants)
20222023
Irrigation
drip 0.28+0.04b  0.34+0.03b 0.34+0.03b 1.96+0.23b  1.75+0.10b  2420.67+124.85a
sprinkler 0.67+0.05a 0.64+0.05a 0.64+0.05a 4.41+0.33a 2.55+0.11a 2094.94+150.82b
Sowing date
Early planting 0.57+0.06a 0.55+0.06a 0.55+0.06a 3.71+0.42a  2.36+0.14a  2486.72+158.98a
Common planting 0.38+0.07b  0.43+0.05b 0.43+0.05b 2.66+0.46b  1.94+0.15b  2028.90+91.40b
non—chemical control
Roy agro 0.42+40.06b  0.42+0.05b 0.42+0.05b 2.71+0.36b  2.02+0.12b  2546.03+130.65a
Bt 0.53+0.08a 0.54+0.06a 0.54+0.06a 3.66+0.52a  2.28+0.16a  1969.58+104.80b
Drip—early planting-Roy agro  0.33+0.03e  0.37+0.03e  0.37+0.03e  2.37+0.33de  1.83%0.13c  2906.48+314.98a
Drip—early planting-Bt 0.43+0.03d  0.43+0.07d 0.43+0.07d 2.7620.15d  2.17+0.03bc  2305.13+262.89b
Drip—common planting—Roy
agro 0.15+0.03g 0.23+0.03g 0.23+0.03g  1.16+0.20  1.43+0.09cde  2344.64+26.34b
Drip~common planting-Bt 0.20£0.06f  0.33+0.03f 0.33+0.03f 1.54+0.4le  1.57+0.14cd  2126.44+55.11c
asgrr(')”k'er*ea”y planting-Roy 4 6740070 057+003c 057+003c 394+046c  2.43+0.18b  2852.67+143.28
Sprinkler—early planting—Bt 0.87+0.03a  0.83+0.07a 0.83+0.07a 5.77+0.33a  3.00+0.06a 1882.6+108.26¢
;%;”a'gfg’”mm"” planting= 9 531000c  0.53:0.09c 0.53:0.09c 3.36:0.46cd 2.370.12bc  2080.33+113.73cd
;‘i’””k'er‘comm"” planting— 4 631000b  0.63:0.09b 0.63x0.09b 4.58+056b  2.40+0.15b  1564.17+56.74d
20232024
Irrigation
drip 0.42+0.04b  0.45+0.04b 0.45+0.04b 2.87+0.25b  2.11+0.10b  1979.21+190.23a
sprinkler 0.75+0.04a 0.70+0.03a 0.70+0.03a 5.56+0.48a  2.81+0.14a  1791.92+107.60b
Sowing date
Early planting 0.67+0.06a 0.64+0.04a 0.64+0.04a 4.89+0.6la  2.67+0.17a  2163.97+117.44a
Common planting 0.50+0.06b 0.51+0.05b 0.51+0.05b 3.53+0.40b  2.24+0.11b  1645.94+158.52b
non-chemical control
Roy agro 0.52+0.06b  0.51+0.05b 0.51+0.05b 3.56+0.41b  2.30+0.13b  2131.63+152.36a
Bt 0.65+0.06a 0.64+0.05a 0.64+0.05a 4.87+0.62a  2.62+0.16a  1639.49+123.04b
Drip—early planting-Roy agro  0.43+0.07d  0.43+0.07e  0.43+0.07e  2.80+0.54d  2.00+0.17cd  2515.21+378.14a
Drip—early planting-Bt 0.5740.03c  0.60+0.0lc 0.600.0lc 3.57#0.28c  2.47+0.09bc  2000.33+165.21bc
%:s‘common planting-Roy 34,0 06de  0.33:0.07f 0.33:0.07f 2.31:064de  1.9020.17d  2014.48+441.03bc
Drip—common planting-Bt 0.37+0.03c  0.43x0.09e 0.43+0.09e 2.78+0.41d  2.07+0.18cd  1386.8+333.75d
asgrr(')”k'er*ea”y planting-Roy 7740030  0.73:0.080 07310036 54410286  293+0.1db  2113.33:90.61b
Sprinkler—early planting-Bt 0.90+0.01a 0.80+0.0la 0.80+0.0l1a 7.74+0.70a  3.30+0.35a 1871.83+94.49¢
gg;”a'gfg’common planting—  571003c  0.53:007d  0.53:007d  3.67+032c  2.37+003c  1883.5+23153¢
Sprinkler-common planting— ¢ 27,003y 073:003b 0.73:0.03b  5.38+036b  2.63+0.18bc 1299458 60de

Means in a column followed by different letters are significantly different.
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Table 7. Comparison of mean larval mortality percentage of the bean pod borer under different treatment
combinations (insecticide type x irrigation method x planting date) over two years of 2022—2023 and 2023-

2o Treatment Mean of percentage of  Mean of percentage of  Mean of percentage of
mortality,3 days after mortality,7 days after ~ mortality,15 days after
spraying (per 10 spraying (per 10 spraying (per 10
plants) plants) plants)

2022-2023

Roy agro— drip— early planting 75.86+2.07a 56.67+4.49a 40.43+1.60a
Roy agro— drip—common planting date 70.37+£1.02b 50.63+1.81b 32.36+1.65b
Bt— drip— early planting 63.39+1.00a 43.42+2.35a 30.62+1.20a
Bt— drip— common planting date 57.72+2.50b 38.07+2.11b 27.69+1.45b
Roy agro—sprinkler— early planting 66.46+1.85a 46.69+1.04a 32.32+1.20a
Roy agro-— sprinkler— common planting 59.74+1.18b 40.78+1.23b 28.14+1.19b
date

Bt— sprinkler— early planting 56.00+3.00a 36.74+1.25a 25.68+1.79a
Bt—sprinkler—Common planting date 49.76+3.51b 32.35+1.00b 22.22+1.96b
2023-2024

Roy agro- drip— early planting 69.82+0.94a 50.52+1.95a 33.96+1.27a
Roy agro— drip—common planting date 65.46+0.49b 44.71+1.28b 31.17+1.21b
Bt— drip— early planting 58.97+1.13a 38.14+1.12a 28.53+1.49a
Bt— drip— common planting date 53.08+1.87b 30.85+2.04b 22.27+1.20b
Roy agro—sprinkler— early planting 62.95+1.13a 46.57+3.50a 30.98+0.50a
Roy agro— sprinkler— common planting 56.68+1.56b 39.89+2.10b 28.37+1.00b
date

Bt— sprinkler— early planting 51.37+2.10a 31.29+1.38a 23.49+0.45a
Bt—sprinkler—Common planting date 42.87+4.30b 25.56+0.89b 18.18+1.03b

The number obtained for each column is equal mean. Means in a column followed by different letters are

significantly different.
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Abstract

In order to investigate the efficacy of non—chemical control, two irrigation methods (drip and sprinkler), two
planting dates, and damage caused by the bean pod borer Helicoverpa armigera, an experiment was conducted
over two growing seasons (2022—2023 and 2023-2024) in a strip split plot design within a randomized complete
block design with three replications at the Arak Research Station. The irrigation factor was applied as a strip to
the main plots, with two levels: sprinkler and drip irrigation. Non—chemical pest control treatments factor had
two levels, including the application of biological and low-risk insecticides Bacillus thuringiensis (Biolap)®and
RoyAgro (Matrine)® at the manufacturer—-recommended concentrations. The planting date factor consisted of
two levels: the region’s typical planting date and 15 days before this typical date (early planting), arranged
factorially in the subplots. The greatest effect of the non—chemical treatments was observed under the drip
irrigation method and the first planting date (early planting) for the biological and low—risk insecticide RoyAgro
(Matrine)® three days after spraying, with reductions of 75.86% and 69.82% in the first and second years,
respectively. The highest average yield (kg per hectare) in the first year (2906.48) and second year (2515.21)
were observed in the interaction of drip irrigation x first planting date x application of RoyAgro (Matrine)
®biological and low-risk insecticide. The use of early planting, drip irrigation, and non—chemical and low-risk
control methods can be recommended as a sustainable approach for managing the bean pod borer in infested
areas.
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