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Maintaining the Effectiveness of Rice Moth Parasitoid; Bracon hebetor Say
For the Control of Stored-Product Insect Pests
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Abstract

The experiment was conducted to study the appropriate conditions particularly
temperature and time to keep rice moth parasitoids; Bracon hebetor Say (Hymenoptera :
Braconidae) effective for controlling insect pests in the stored house during 2011 - 2012 in
the laboratory of Postharvest Technology Research and Development Group and in the
stored house, Bangkok. Mass rearing of rice moths; Corcyra cephalonica (Stainton) was
carried out and their 5th instar larvae were used as hosts of the parasitoids. After that the
parasitoid pupae were kept under various temperatures of 5, 10, 15 and 20 °C and each one
for 7, 14, 21 and 30 days. The treatments at 10 °C and 15 °C for 7 days showed good
results in both high percent emergences of 88.09 and 8042 % and high efficiency in the
offspring production of 98.66 % and 96.12 % respectively. The results showed no
significances among treatments and the control (pupae from room temperature). Rice moth
mortalities kept at 10 and 15 °C for 7 days were 39.82 % and 46.33 % while those of the
control were 57.44 and 6196 %, respectively. There was also an investigation on the
controlling efficiency by releasing 2,000 parasitoid pupae into the stored house every 15
days for 6 times to decrease the population of rice moth. The average amount of rice moth
was noticed to drop to 0.4 larva per 100 kg. rice bag upon the fifth release. After the sixth
release of parasitoids (90 days), only 10 % in average of rice moth larvae were found in the

rice bags.

Key words: rice moth parasitoid ; Bracon hebetor Say, rice moth; Corcyra cephalonica

Stainton, temperature, stored house
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A Bracon hebetor (Hymenoptera : Braconidae)
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Table 1 Emergence of the rice moth parasitoid; B. hebetor after keeping pupae in various

temperatures and times,in laboratory, during the year 2011-2012

Percent emergence *'(%)
Temp.
7 Day 14 Day 21 Day 30 Day
5°C 81.19 92.54 63.34 18.32
10 °C 88.09 52.12 32.62 10.34
15 °C 80.42 84.59 8391 7571
20 °C 94.32 98.39 0* 0*

' Average from 4 replications

* Adult of parasitoid emerged before the exact time that caused death of the adults

Table 2 The amount of parasitoid; B. hebetor offspring after keeping pupae in various

temperatures and times with their efficiciency, in stored house, in the year 2012

Percent emergence ' (%) Efficiency compared to control treatment (%)
R 7 Day | 14 Day | 21 Day | 30 Day | 7 Day 14 Day | 21 Day | 30 Day
5°C 81.19 92.54 63.34 18.32 1295 ¢ 1383 0 0
10 °'C 88.09 5212 32.62 1034 | 9866 a 5267 3348 0
15 C 80.42 84.59 8391 75.71 9612 a 3255 4516 1296
20 'C | 9432 | 9839 0* 0* 5042b | 4226 0% 0%
CV(%) - = = - 1386 - - -

V" Average from 4 replications

¥ Adult of rice moth parasitoid emerged before the designate time caused death of adults

and the number left were weak for reproduction




95T AURENEI IV T 32 Ul 1 UnsIPs - Souiew 2557

Table 3 Effciency of Bracon in stored rice house after releasing to control the rice moth

larvae in 100 kg. of rice per replication (7 days after treatment )in the year 2012.

Temp. | Time | mortality of rice moth larvae (parasitized by Bracon) T-Test | parasitized
Q) kept | 7 days after treatment (%) decrease
(day) R1 R2 R3 R4 R5 Average (%)
10 7 3551 26.87 40.33 34.95 61.15 39.82 }0.09 ns |17.72
control 39.25 61 5825 4793 8097 57.44 ’
15 7 37.67 48.67 38.33 53.33 53.33 46.33 10.07 ns | 1446
control 63.33 70.53 38.33 61.48 70 61.96 I

Table 4 Effciency of B. hebetor in rice stored house after releasing to control the rice moth

larvae (3 months after treatment),in the year 2012

No. number of rice moth larvae (parasitised by Bracomn)(RL) Average Note
Released" | and number of parasitoid(PA) (alive/dead) found? RL(alive/
R1 R2 R3 R4 R5 | dead)

RL (PA | RL |PA| RL |PA | RL |PA | RL | PA

1™ 0/3 | 0/0 | 0/0 | 0/0 |0/4 | 0/2 [0/3 | 0/0 | 0/3 | 0/1 0/36  |Sampling 250
2 1/5]0/0 [1/1]0/0 [0/0 [ 0/0 [2/3[0/0 [5/0 [0/0 | 18/18 |g/pag

g 6/1 | 0/0 | 1/2 | 0/0 |2/0 | 0/0 | 7/3 | 0/0 [0/3 | 0/0 | 32/18
4" 2/7 | 0/0 | 1/7 [1/1 |3/8 | 0/0 [1/5 | 2/0 | 1/9 [0/0 | 22/74

5t 0/0 | 2/2 | 1/3 | 0/0 |0/6 | 0/0 |1/4 | 1/0 |0/3 | 1/0 04/32

6™ 32/ | 0/0 |37/ | 0/0 |13/ | 4/1 49/ | 1/0 |19/ | 3/1 | 30/835 | Count all of RL
760 965 1096 658 700 and PA

¥ Release 2,000 parasitoids 15 days interval

¥ From 250 grams sampling unit of rice (4 times) in each replication

¥ Count all of rice moth larvae and parasitoid in the bag (Start simulate 300 rice moth larvae

Pér bag)
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Figure 1 Rice moth parasitoid (B. hebetor) Figure 2 Parasitization of B. hebetor on rice

moth larvae (C. cephalonica)

Figure 3 Rice moth larvae (C. cephalonica)
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Figure 5 Rice moth larva parasitized by Figure 6 Larva of rice moth parasitoid
B. hebetor B. hebetor

Figure 7 Pupa of rice moth parasitoid Figure 8 Pupae of rice moth parasitoid
B. hebetor B. hebetor found outside carcase

of rice moth larvae
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Integrated Postharvested Pest Management in Coffee Bean

a8 & w1/ o I 2/ o o 1/ wuo/a‘slayy
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Kannikar Pengkum ¥ Tippaya Kraitong ¥ Pavenee Noochanapai ¥ and Nuttawat Yamyim ¥

Abstract

Coffee bean is often damaged by coffee bean weevil, Araecerus fasciculatus De
Geer (Coleoptera: Anthribidae) and tobacco beetle; Lasioderma serricorne (Fabricius)
(Coleoptera: Anobiidae). Insect control must be carefully carried out since insecticide
residues and quality of coffee have to be brought into consideration. Integrated pest
management can be used to eliminate these important pests. The experiment was made
during the years 2554-2555 at coffee bean storage rooms, Samut Prakan and Chumphon
Provinces. IPM and the farmer method (no insect control) were compared. IPM treatment
was focused on the use of light traps in conjunction with the application of phosphine
fumigation if necessary. After 8 months, the results showed that the IPM treatment could
control insect infestation better than the other method. The light trap was found to highly
catch adults of coffee bean weevil throughout the experiment. For the loss of coffee bean
from these insects, the high number of damaged grains was observed to reach 20.8% for the

farmer method while that of IPM treatment was only 1%.

Key words: coffee bean, coffee bean weevil; Araecerus fasciculatus De Geer,

tobacco beetle; Lasioderma serricorne (Fabricius), Integrated pest management

V giiniduuaswmmrineintavionsifiufieiuasuUssunfanainens nsiininmsineng ngomwe 10900

Y Postharvest and Processing Research and Development Office, Department of Agriculture, Bangkok 10900
Y guiidufiuaiugins  naitIMSinung yaws
¥ Chumphon Horticultural Research Center, Department of Agriculturé, Chump
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fasciculatus De Geer (Coleoptera: Anthribidae) WR¥NUBRYIZU (tobacco beetle); Lasioderma
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Table 1 Average number of coffee bean damaged by coffee bean weevil at Chumphon

Province in 2012

Average amount of damage (%)

Storage time (months)

Packed in Jute bag Packed in Polypropylene bag
1 4.9 5.1
3 10.8 12.2
6 225 24.2
9 25.5 49.0
12 35.5 73.0

Source: Chumphon Horticultural Research Center
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Figure 3 Coffee bean storage room at Samut Prakan Figure 4 Franklin light trap

Figure 5 Coffee bean storage room at Chumphon
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Figure 9 Average number of insects from 250 gm of coffee bean that kept in storage room

with and without light trap from June, 2012 to February. 2013 at Chumphon
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waTNBREMIUADN; Rhyzopertha dominica (F.) TnelEnfunnudine
Control of Maize Weevil; Sitophilus zeamais Motschulsky

and Lesser Grain Borer; Rhyzopertha dominica (F.) Using Radio Frequency
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Abstract

Maize samples separately infested by Sitophilus zeamais and Rhyzopertha
dominica were treated with radio frequency (RF) heat treatment application unit, which was
developed and installed from October 2010 to September 2011 at Chiang Mai University .
The unit has a variable power supply and operates at 27.12 MHz. The 20% (540 watts) and
25% (670 watts) input power under the target temperature over 50C for 30, 60 and 90
seconds, were selected as treatments. Evaluation of the efficiency of RF heat treatment in
controlling both insects was made by counting survival adults which later transformed into
efficiency percentages. It was found that all developmental stages of maize weevil; Sitophilus
zeamais could be controlled by both power levels, especially egg and pupal stages with the
control efficiency percentages reaching 99-100. The adults seemed to be more tolerant to RF
than the other stages. As for lesser grain borer; R.dominica the most efficient treatment for
controlling was observed to be 25% of power level (670 watts), over 50C for 90 seconds.
The control efficiency percentages of eggs, larvae, pupae and adults were 99.39, 94.59, 98.56
and 99.87%, respectively. Lesser grain borers were also found to be more tolerant than
maize weevils. There are differences among various stored grain insect species in their

susceptibility controlled by RF dielectric heating. After treatments, moisture content of maize
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was slightly reduced by both level powers. No change was noticed in crude protein while
crude fat was increased. In terms of ash and carbohydrate, they were slightly different
from the untreated treatment. The decreasing of crude fiber was also found in this

experiment. However, the energy obtained from maize was significantly increased.

Key words: radio frequency, insect control, maize weevil; Sitophilus zeamais Motschulsky,

lesser grain borer; Rhyzopertha dominica (F.)
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Table 1 Control effciency percentage of Sitophilus zeamais at different developmental

stage after treatment by radio frequency, October 2010-September 2012, Chiang

Mai University"

Power level Time Egg Larva Pupa Adult
(min)
20% (54
Uik 1520 30 99.17a% 97.37b 99.57a 96.50b
watts)
60 100.00a 100.00a 99.72a 99.61a
90 100.00a 100.00a 100.00a 99.74a
% (67
25 (70 30 100.00a 99.87a 99.86a 99.35a
watts)
60 100.00a 100.00a 100.00a 99.87a
90 100.00a 100.00a 100.00a 99.87a
Untreated Ob Oc Ob Oc
CV (%) 7.86 7.86 7.86 7.86

Y Means averaged from 4 replications.

¥ Means followed by same letters in columns are not significantly different by DMRT P<0.05)
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Table 2 Control effciency percentage of Rhyzopertha dominica at different developmental
stage after treatment by radio frequency, October 2010-September 2012, Chiang Mai

University"
Time
Power level (min) Egg Larva Pupa Adult
20% N
30 77 .68bc” 81.01bc 85.09b 88.67c
(540 watts)

60 90.91a 83.47abc 91.65ab 96.27ab
90 88.69ab 91.91ab 98.33a 99.47a
25% (670 watts) 30 67.07¢ 75.81c .85.95b 95.07b
60 89.80ab 89.73ab 98.16a 98.00ab
90 99.39a 94.59% 98.56a 99.87a

Untreated 0d 0d Oc 0d

CV (%) 846 8.20 8.03 791

Y Means averaged from 4 replications.

¥ Means followed by same letters in columns are not significantly different by DMRT (P<0.05)
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Table 3 Maize quality before and after treatment by radio frequency at two levels and

various timeY

crude .
Time moisture : crude fat ash carbohydrate  Ener
Power level - in)  (g/100 P @100 g (G100 e /102 Kk 1/1?)}(,)
(min) (g g (/100 g) (g g (g g (/100 2) (g g ca g)
8 8
20%
30 11.99bc¥ 9.13 4.86¢ 1.25b 1.95a 70.83ab 363.56e
(540watts)
60 11.93b 917 4.55bc 1.18ab 1.84a 71.33b 362.95de
90 11.76a 9.03 427ab 1.25b 2.82d 70.88ab 358.06b
25%
30 12.34e 9.00 4.34ab 1.14a 1.96a 71.24ab 359.97bc
(670 watts)
60 12.17d 9.10 4.54bc 1.21ab 2.01a 70.97ab 361.17cd
90 12.05¢ 8.97 441ab 1.16ab 2.34b 71.09ab 359.89bc
Untreated 12.61f 897 410a 1.21ab 2.57¢ 70.55a 354.94a
CV (%) 042 0.29 141 1.07 3.15 0.13 0.16

Y Means averaged from 4 replications.

¥ Means followed by same letters in columns are not significantly different by DMRT (P<0.05)




Figure 1 Maize containing pan

Figure 2 Radio frequency application machine




ENTOMOLOGY AND ZOOLOGY GAZETTE Volume 32 No. 1, January - June 2014

IANUIN

o

' ™ a e W = P = o] PN o e = P
AwRvgomRiEusu nagnumgitulufe 50°C wazgumpfivdvandudunamn 9 10 i

ANRALNTLFLNANNU 2 F2AL (4 D7)

20% 25% 20% 25% 20% 25%

|
=

grun RGNy (°C) 2669 2860 2691 2770 2741 2753

nanTignumgiinlalde 50°C (i) 144 126 142 125 129 147

1
a e

grunindInGNduna 107U 52,66  53.28 5273 53.29 5305 53.96
209U 55.13 55.86 55.34 56.38 56.00 56.65

303U 57.65 5874 57.78 5930 59.08 59.68

40 317 60.15 62.21 6153 62.75
50 Au7 62.54 6493 6425 65.84
60 AU 6491 6761 66.81 6881
70 A 69.11  72.15
80 Au 71.83  75.39

90 U7 7418  79.09




19R15Ruardn e UA-32 afuit 1 unsias - Snureu 2557

ANUMUMUBA TSN a WD BANUEDY; Oryzaephilus surinamensis L.
Tuszwalny

Phosphine resistance on Oryzaephilus surinamensis L. in Thailand

paosuT gnBgns ¥ SR wienawilly Y way daas wesluR Y

Duangsamorn Suthisut ¥ Rungsima Kengkanpanich ¥ and Atchara Pedchote

Abstract

The investigation of phosphine resistance on saw-toothed grain beetle; Oryzaephilus
surinamensis L. adults was carried out under laboratory conditions at Postharvest and
Processing Research and Development Office during January-December 2013. O.
Surinamensis were collected from 50 locations in 32 provinces in Thailand and phosphine
resistance assay was employed following FAO method. The result indicated that saw-
toothed grain beetle populations from all locations were resistant to phosphine. The insect
populations found at various locations were divided into 6 groups of phosphine resistance
levels. They were as followed: populations of over 9 times phosphine resistance level from
43 locations, 8 times from 2 locations, 5 times from 1 location, 4 times from 1 location and

2 times from 2 locations.

Key words: Oryzaephilus surinamensis, phosphine, resistance
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N9RTI9EDUA NN THYBILDATLEADY (saw-toothed grain beetle); Oryzaephilus

surinamensis L. sagnssuwsaiululszwmalng ynmsneasgszinviiou ungau-5uRy

2556 FpeUfiimanguiteimunmallaBndenmsifiuiiey dniniduuasimunineinimd

mafiuisiuazulsguadananens nsdemanens neyhmagu FatunaafudpEaIN

TsuRiwhynmpzesUszmAlneionsn 50 unaa 310 32 Fevdn wazyhnmeRBUAINNTINTE

yg FAO wuimesiuidasanynunaeiausmmusiaasssuosiiu Insgsuamushum

youEsTHNeEHuLUSlE 6 ngy Ap sERuRINEWYUTINIANT 9 Wi wuTuNnfign Ao 43

UVEY SEAUAINNEIUIY 8 Wi WU 2 UMEY STAUAINFIWNU 5 9 WU 1 ungy SERUmIY

Fumu 4 Win WU 1 UdEd SEAUATINAIWNTN 3 Wi WU 1 uuray WaIEAUAMINFIUNIY 2 W

WU 2 LUay

VAN : NaRHULEDY WaaRY ANNF WY
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UaANULADY (saw-toothed grain
beetle); Oryzaephilus surinamensis (L.)
Fuuuasdngninnainensinulsilanuas
LﬂuLLm\jﬁfmgﬁﬁﬂﬁ’mTuﬁnmﬁ SNy UKy
nAnAuAuUssUsiinc1g (Wilingd uaz
ADLy, 2548) wuaupfiniliduusavauinidn
ATV A BH AN AR B0 T Y e MU ULAY
FLAN T LAY RN A HARAAVAYIIN
funaoAngnInnasilndud ey (Ree,
2004) 3INME1TIUNRUAINISeFIINUIARY
FWUT1 UBNIINUURUARHAKNARNENT
1Aty Wy waawly (rust-red flour beetle);
Tribolium castaneum (Herbst) 59939417
Twm (corn weevil); Sitophilus zeamais

Motschulsky A LRRERE (rice moth);

Corcyra cephalonica (Stainton) ez datn
Wasn (angoumois grain moth); Sitotroga
cerealella (Olivier) w1 Sowuiweatuios
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(Price, 1985) Faw3aWlalss (sulfuryl
fluoride) (Baltaci et al, 2009; Ciesla and
Ducom, 2010) afaWay. (ethyl formate)
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Table 1 The resistance level to phosphine of Oryzaephilus surinamensis L. at Central part
of Thailand

Part Sites Collecting location Resistance
of Thailand Province District level (times)Y
Central  Kanchanaburi 1 Kanchanaburi Tha Muang >9
Kanchanaburi 2 Kanchanaburi Tha Muang >9
Kamphaeng Phet 1 ~Kamphaeng Phet Khanu Woralaksaburi > 9
Kamphaeng Phet 2 Kamphaeng Phet Khanu Woralaksaburi 8
Nakhon Nayok 1 Nakhon Nayok  Ongkharak > 9
Nakhon Pathom 1 =~ Nakhon Pathom Phutthamonthon >9
Nakhon Pathom 2 Nakhon Pathom Mueang > 9
Pathum Thani 1 Pathum Thani Lam Luk ka >9
Prachin Buri 1 Prachin Buri Kabin Buri >9
Phitsanulok 1 Phitsanulok Phrom Phiram > 9
Phetchaburi 1 Phetchaburi Khao Yoi > 9
Ratchaburi 1 Ratchaburi Pak Tho = 9
Ratchaburi 2 Ratchaburi Pak Tho 2
Ratchaburi 3 Ratchaburi Ban Pong >9
Lop Buri 1 Lop Buri Mueang >9
Lop Buri 2 Lop Buri Tha Wung > 9
Sa Kaeo 1 Sa Kaeo Wang Nam Yen >9
Saraburi 1 Saraburi Wihan Daeng > 9
Sing Buri 1 Sing Buri In Buri > 9
Sukhothai 1 Sukhothai Kong Krailat >9

ith discriminating concentration (0.05 mg/1)
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Table 2 The resistance level to phosphine of Oryzaephilus surinamensis L. at Southern

part of Thailand.

Part Collecting  location Resistance level
. Sites ) N
of Thailand Province District (times)
Southern Nakhon Si Thammarat 1 Nakhon Si Thammarat Mueang > 9
Nakhon Si Thammarat 2 Nakhon Si Thammarat Hua Sai >9
Nakhon Si Thammarat 3 Nakhon Si Thammarat Hua Sai >0
Phatthalung 1 Phatthalung Mueang >9
Songkhlal Songkhla Ranot > 9

Y Comparing with discriminating concentration (0.05 mg/1)

Table 3 The resistance level to phosphine of Oryzaephilus surinamensis L. at Northern

part of Thailand.

Part Collecting location Resistance
Sites level
of Thailand Province District (times) ¥
Northern part Chiang Mai 1 Chiang Mai Doi Saket >9
Tak 1 Tak Mae Sot >9
Tak 2 Tak Mae Sot >9
Phayao 1 Phayao Chiang Kham >9
Phrae 1 Phrae Mueang >9
Phrae 2 Phrae Mueang >9

Y Comparing with discriminating concentration (0.05 mg/1)
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Table 4 The resistance level to phosphine of Oryzaephilus surinamensis L. at North-

eastern part of Thailand.

Resistance
Part Collecting location
Sites level
of Thailand Province District (times) ¥
North-eastern ~ Kalasin 1 Kalasin Yang Talat >9
Kalasin 2 Kalasin Somdet 4
Khon Kaen 1 Khon Kaen Chum Phae > 9
Nakhon Ratchasimal =~ Nakhon Ratchasima Mueang 2
Nakhon Ratchasima 2~ Nakhon Ratchasima Mueang 3
Buri Ram 1 Buri Ram Chaloem Phra Kiat > 9
Mukdahan 1 Mukdahan Mueang >9
Mukdahan 2 Mukdahan Mueang 5
Yasothon 1 Yasothon Mueang 8
Yasothon 2 Yasothon Pa Tio > 9
Yasothon 3 Yasothon Loeng Nok Tha >9
Loei 1 Loei Wang Saphung >9
Sakon Nakhon 1 Sakon Nakhon Mueang >9
Surin 1 Surin Mueang >9
Amnat Charoen 1 Amnat Charoen Mueang >9
Amnat Charoen 2 Amnat Charoen Pathum Ratchawongsa >9
Amnat Charoen 3 Amnat Charoen Pathum Ratchawongsa >9
Udon Thani 1 Udon Thani Mueang >9
Udon Thani 2 Udon Thani Mueang >9

min: ting concentration (0.05 mg/1)
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wapassuvauss LAz ayuinsunnsutssinlumsilpeiumdnioseinive;
Sitophilus zeamais Motschulsky TuimBu3d wugunmanued 105
Effect of Volatile Oil and Powder of Some Herbal Plants for Controlling Maize Weevil;
Sitophilus zeamais Motschulsky in Organic Rice Variety Khao Dawk Mali 105

g33md veur ¥ uae Syud snsahsTin Y

Sureerat Thongkam ¥ and Anchalee Sawatthum *

Abstract

Using of volatile oil and powder of four herbal plants namely galangal [Alpinia
galangal (L.)], curcuma (Curcuma longa L.), cassumunar ginger (Zingiber cassumunar
Roxb) and leech lime (Citrus hystrix DC.) on organic rice variety Khao Dawk Mali 105
and the appropriate formulation of herbal plants to control maize weevil; Sitophilus
zeamais Motschulsky were investigated in the laboratory of Field and Renewable Energy
Crops Research Institute, Department of Agriculture during October 2011 to April 2012. The
efficiencies of volatile oils of four herbal plants at the rates of 2.5, 5 and 10 % in order to
control maize weevils were compared with the control treatments of 0.3% pirimiphos
methyl, acetone and distilled water. The results showed that volatile oils of 10% galangal
and 10% cassumunar ginger could control maize weevil (113.00 and 114.67 adults,
respectively) and were not significantly different from that of 0.3% pirimiphos methyl (67.00
maiz weevil adults). There were also no significant differences among 10% galangal, 10%
cassumunar ginger and 0.3% pirimiphos methyl in the percentages of damaged seeds which
were 4.67, 467 and 3.33%, respectively. As for the use of herbal plant powders for
controlling maize weevil, the experiment was undertaken in the efficacy test at the rates of
25, 5 and 10 grams powders. The organic rice seeds were coated with the tested powders.
It was found that the powders of cassumunar ginger at the rates of 2.5, 5 and 10 grams
gave the highest control to maize weevils in organic rice which maize weevil adults and

damaged seeds were not noticed.

Key words: volatile oil, powder of herbal plant, galanga, curcuma, cassumunar ginger,

leech lime, maize weevil, organic rice

V. gndminisudmnsdasfivenedofy anrwallaBmsinens wnivendumelulaBoueaasnyd  o.5qyd
auyueil 12130
Division of Sustainable Pest Management, Faculty of Agricultural Technology, Rajamangala  University of

Technology Thanyaburi, Thanyaburi district, Pathum Thani 12130
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Table 1 Number of maize weevil adults and percentage of damaged organic rice seeds
treated with volatile oil of galangal, curcuma, cassumunar ginger and leech lime in
the laboratory of Field and Renewable Energy Crops Research Institute,
Department of Agriculture during October 2011 - April 2012

Treatment No. of maize weevil adults Damaged seeds (%)
galangal 2.5 % 146.33 bed v 733 of
galangal 5 % 141.67 bc 7.00 cde
galangal 10 % 113.00 ab 467 ab
curcuma 2.5 % 216.67 def 8.33 ef
curcuma 5 % 224.00 ef 6.67 b-e
curcuma 10 % 171.00 b-f 5.33 abc
cassumunar ginger 2.5 % 200.33 c-f 733 c-f
cassumunar ginger 5 % 183.00 b-f 533 abc
cassumunar ginger 10 % 114.67 ab 4.67 ab
leech lime 25 % 163.67 b-e 6.00 bed
leech lime 5 % 182.67 b-f 6.67 b-e
leech lime 10 % 159.67 b-e 5.67 bed
acetone 191.00 c-f 7.67 def
pirimiphos methyl 0.3 % 67.00 a 333 a
untreated 237.00 f 933 f
CV (%) 224 19.2

Y Means followed by the same letter in the same column are not significantly different at the
5 % level by DMRT
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Table 2 Number of maize weevil adults and percentage of damaged organic rice seeds

treated with powder of galangal, curcuma, cassumunar ginger and leech lime in the

laboratory of Field and Renewable Energy Crops Research Institute, Department of
Agriculture during October 2011 - April 2012

Treatment No. of maize weevil adults Damaged seeds (%)
galangal 2.5 g 169.00 d ¥ 5.33 bc
galangal 5 g 108.33 bc 5.00 bc
galangal 10 g 64.00 b 433 b
curcuma 25 g 166.33 d 5.67 bc
curcuma 5 g 23267 e 6.33 bed
curcuma 10 g 149.67 cd 4.67 bc
cassumunar ginger 2.5 g 0.00 a 0.00 a
cassumunar ginger 5 g 0.00 a 0.00 a
cassumunar ginger 10 g 0.00 a 0.00 a
leech lime 25 g 208.67 de 8.67 e
leech lime 5 g 192.00 de 6.00 bc
leech lime 10 g 188.33 de 6.67 cd
untreated 177.00 de 8.00 de
CV (%) 245 233

Y Means followed by the same letter in the same column are not significantly different at

the 5 % level byDMRT
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Figure 1 maize weevil A adult B larva

Figure 2 organic rice seeds A normal seeds B damaged seeds caused by maize weevil

Figure 3 herbal plants formulation A volatile oils B herbal plant powders 1. galangal

2. curcuma 3. cassumunar ginger 4. leech lime
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