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Abstract

This research aimed to study the efficacy of plant extracts, including neem seeds, marigold flowers,
and sweet flag rhizomes, in controlling the lesser grain borer (Rhyzopertha dominica (Fabricius)) in seed
storage, as well as their effects on rice seed quality. Experimental design followed factorial in CRD with four
replications. Plant extracts were analyzed for their chemical composition using Gas Chromatography-Mass
Spectrometry (GC-MS). Chemical analysis revealed that the main compound in neem seed extract was
trans-13-octadecenoic acid (31.89%), in marigold flower extract was Ol-tocopherol (11.49%), and in sweet
flag rhizome extract was asarone (39.94%). Repellent contact test showed that sweet flag extract had the
highest efficacy, repelling 93.92% of lesser grain borers within an hour at 40% concentration, and maintaining
its effectiveness throughout the experiment. Insecticidal contact test found that neem and sweet flag
extracts at 40% concentration resulted in 100% mortality of lesser grain borers within an hour. The study
on preventing infestation in stored rice seeds revealed that woven plastic sacks treated with sweet flag
extract provided the highest protection, preventing 93% on the first day of the experiment and maintaining
effectiveness for two weeks. The study on the effects of sweet flag extract on rice seed germination showed
that woven plastic and gunny sacks treated with the extract had no negative impact on seed germination,
with the highest germination rate reaching 96.25% in the fourth week. The research findings indicated that
sweet flag has high potential as a natural insect control agent and could be applied for rice seed storage.
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factorial in Completely randomized design (CRD) 2 Hade tadeil 1 Ao ansadaiiv 3 vin ldun wWinazin@l)
ABNANIER4(a2) waziwiiuth@3) Yadeit 2 e aududuvesansatniia 5 sy AsesuaNUdLTy 0, 10, 20,
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Uhuguansataiiut nsaisd 3 wieuginiussglunsvasunanaiinanuliiyuans uasnssudsi 4 wiewugin
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Wisuifioueiedeseds Least significant different (LSD) fisgfunnudosiu 95 wesidud inszvideyalngly
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2) Muwamiesazvesnisdussmadwhasveseatden Inglians Sevaznistiuds = @Funusen
frudeniililannsanzgnszaeu/sunmentnudenilivaaeuionn) x 100 uszdnnueiidudnisen Tng
g3 Wesifusinissen = rurudundunifisen/Sruiuwdndiinng) x 100 vnsiesgideyamsainay
uHuNsMAaes CRD Tagdinsiesinnuuaninansadidvosusiaznssuds wWisuifivuanadedis3s LSD fisziuay
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1. parUsEnaUNLAivasasanaiey

MsAsEesiUssneunaaiivesansanamanasinngae GC-MS nuansussnausanun 25 via Andu
90.74% ‘UENm‘i‘LJiSﬂanqum LATNUAIT trans-13-Octadecenoic acid (31.89%) wag n-Hexadecanoic acid

(16.12%) Wussrusznovdulva) (Table 1)

Table 1 The chemical compound of neem seeds extract

No. Compound RT %Area
1 n-Hexadecanoic acid 22.463 16.12
2 Hexadecanoic acid, ethyl ester 22.591 5.35
3 trans-13-Octadecenoic acid 24.142 31.89
4 (E)-9-Octadecenoic acid ethyl ester 24.229 4.83
5 Octadecanoic acid 24.357 8.92
6 Heptadecanoic acid,15-methyl-, ethyl ester 24.470 4.81
7 Hexadecanoic acid, 2-hydroxyl-1-(hydroxymethylethyl ester 28.881 2.23
8 9-Octadecanoic acid (2)-, 2-hydroxy-1-(hydroxymethyl) ethyl ester 33522 8.31
9  Octadecanoic acid, 2-hydroxyl-1-(hydroxymethylethyl ester 34.283 1.90
10 y-Sitosterol 44.060 0.88

RT =Retention Time

nussRUTENRUMIATivasansananena1 s eeviarun 29 vila Andu 69.22% lnewuans O-tocopherol
(11.49%) \JussAuszneundan (Table 2)

dmsuansad it udinusdUsenauniaalianua 25 via Aadu 70.39% lagnuans Asarone

(39.94%) \JusirUsznaunan (Table 3)
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Table 2 The chemical compound of marigold flowers extract

No. Compound RT %Area
1 Phenol, 2, 6-dimethoxy 15.305 3.21
2 n-Hexadecanoic acid 22.308 3.32
3 Hexadecanoic acid, ethyl ester 22.583 3.48
4 cis-Vaccenic acid 23977 3.39
5 9,12-Octadecadienoic acid, ethyl ester 24.139 3.35
6 Astaxanthin 29.576 3.85
7 Astaxanthin 29.807 3.60
8 18-Norcholest-17(20),24-dien-21-oic acid, 16-acetoxy-4,8,14- trimethyl- 37.550 5.11

3,11-dioxo-, methyl ester
9  0O-tocopherol 40.205 11.49
10 y-Sitosterol 44.116 5.56

RT = Retention Time

Table 3 The chemical compound of sweet flag rhizomes extract

No. Compound RT %Area
1 Benzene, 1,2-dimethoxy-4 -propenyl-, (2)- 16.689 2.60
2 (2R3R,65)-6-Isopropyl-3-methyl-2-(prop-1-en-2-yl)-3-vinylcyclohexanone 17.502 1.54
3 Asarone 18.641 39.94
4 Phenol, 4-(1, 1-dimethylethyl)-2,6-dinitro- 20.990 1.24
5 Phorbol 37.031 2.24
6 Lupeol 38.868 1.57
7 6-Methoxy-2,7 trimethyl-2-(4,8,12-trimethyltridecyl) chroman 40.169 1.09
8 Astaxanthin 41.605 4.95
9 Uvaol 42.918 2.72
10 y-Sitosterol 44.092 1.28

RT = Retention Time

2. grismensdusidlavesansataiintlostufiduondden

ansatnfiv 3 viln Wqusnsdudalaeadriudenldunnsnaiu (P>0.05) mudszeyingn 1 8 8 Falu
asatamirinthannsoldueatidden 61.50-66.11% dwiuansatanenanidesuaransatnudaasialignd
n15lduLag 57.50-61.50% wae 57.50-60.50% srwaity Tnsansataimiriuthligvsnislausasgeaafissosna 2
s (66.11%) dwdunrunduduvesansatafialfgrinmsdudalauendridonuansinsedredifddnydmnaadn
(P<0.01) Tagannandiudiu 40% fiesidudmslanendnudongeninansadaiwviaduluyniiaaninnmsmaaey
Fafiszoriaan 3 Halue fedidudinislageanuindu 74.64% oeslsinu lirnuuansrsedraidoddy (P>0.05)

Wessuliisuiuanududu 30% nilgonisdudalanentiiudonsening 65.83-70.00% Woia1sandndnasu
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synInsrdanazanuludureasaiaiy wuirlanuuanagegsitediAynisaia (P<0.05) ansafnmiiu
Aty 0% Tinvsnsdudalagegasemning 87.50-93.92% defiszezinan 1 fv 3 Saluausnlviesidudnsla
gafigainiu 93.92% wasdiszeriaan 4 fa 7 $alus Sensdifgns nsdudalaendnildensdwseiednei
Wodidudnislags 90% ansadadivitliqninisduialanendriudensesasn Ao arsadamirindaududu
10-30% ansafndnazinuazansainnenaaiesrududy 10-40% Miesidudnislasening 55.00-75.00%

wazdilinuanuuanssiuedadideddgy (P>0.05) (Table 4)

Table 4 Repellent contact activity of plant extracts against the lesser grain borer in seed storage after 1

to 8 hours of exposure.

Repellency (%)
1 hr. 2 hr. 3 hr. 4 hr. 5 hr. 6 hr. 7 hr. 8 hr.

Treatment

Plant extract (Factor A)

Neem al 58.50 60.50 60.50 59.50 57.50 58.00 58.00 60.00
Marigold a2 58.00 61.50 59.50 60.00 57.50 58.00 58.00 59.50
Sweet flag a3 65.28 66.11 64.28 64.00 61.50 62.00 62.00 63.00
F-test ns ns ns ns ns ns ns ns

LSD 9.44 10.16 8.69 6.71 7.18 8.35 8.35 8.54

Concentration (%) (Factor B)

0 bl 37.50c”  4250b 35.00 ¢ 37.50 ¢ 25.00 c 2750 ¢ 27.50c  35.00b
10 b2 60.00 b 62.22 a 6250b  6166b  6250b  6250b  6250b  6250a
20 b3 6583ab 65.00a 66.66ab 64.16b 64.16ab 64.16ab 64.16ab  65.00 a
30 bd  6583ab 70.00a 6833ab 69.16ab 69.16ab 69.16 ab 69.16 ab  69.16 a
40 b5 73.80 a 73.80 a 74.64 a 73.33 a 7333 a 7333 a 7333a 7250a
Ftest o *% *% *% *x *x *% *%
LSD 12.18 13.11 11.22 8.67 9.26 10.79 10.79 11.02
Factor A*B

al b1l 3750 c 42.50 c 35.00 c 3750 c 25.00 c 2750 c 27.50c  35.00c
al b2 60.00b  65.00bc 6500b 6250b  6500b  65.00b  6500b 6500b
al b3 65.00b  6750b  7250b  65.00b  65.00b  65.00b  6500b 6750b
al bd 6500b  6750b  6750b  70.00b  70.00b  70.00b  70.00b  70.00 ab
al b5 65.00b  60.00bc 6250b  6250b  6250b  6250b  6250b 6250b
a2 b1l 37.50 c 42.50 ¢ 35.00 ¢ 37.50 ¢ 25.00 ¢ 27.50 ¢ 2150c  35.00c
a2 b2 55.00 bc  57.50bc 60.00b  60.00b  6000b  60.00b  60.00b  60.00b
a2 b3 67.50b  65.00bc 65.00b  6500b  65.00b  6500b  65.00b 65.00b
a2 bd 6750b 7500ab 7000b  70.00b  70.00b  70.00b  70.00b  70.00 ab
a2 b5 6250b  6750b  67.50b  6750b  67.50b  6750b  67.50b 6750 b
a3 b1l 37.50 ¢ 42.50 ¢ 35.00 ¢ 37.50 ¢ 25.00 ¢ 27.50 ¢ 2150c  35.00c
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Repellency (%)

Treatment

1 hr. 2 hr. 3 hr. 4 hr. 5 hr. 6 hr. 7 hr. 8 hr.
a3 b2 65.00b 64.16 bc  62.50b 62.50 b 6250 b 6250 b 6250b  6250b
a3 b3 65.00b 6250bc  6250b 6250 b 62.50 b 62.50 b 6250b  6250b
a3 bd 65.00 b 6750 b 6750 b 6750 b 67.50 b 67.50 b 67.50b  67.50b
a3 b5 9392 a 9392 a 9392 a 90.00 a 90.00 a 90.00 a 90.00a 87.50a
F-test * * * * * * * *
LSD 21.11 22.71 19.43 15.02 16.05 18.69 18.69 19.10
CV. (%) 24.41 25.39 22.17 17.21 19.12 22.08 22.08 22.01

/Means within the column followed by the same letter are not significantly different (LSD, P>0.05), ns represent non-

significant, * Significant difference at P<0.05, ** Significant difference at P<0.01, C.V. represent coefficient of variation.
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23N 95.00-98.75% fiszeziaan 24 Halus ansadmwdaaziananududu 30-40% asadanenaideavans
avmmdriuaudd 20-40% s snevesmendiUdengegaiia 100% wrlinuaruunnensoeed
Todday (P>0.05) iewSeuifisutuansatnudeaziauaransatanenaaifosmududu 20% Sedidnsnisame
Winiu 95.00 Lag 98.75% MILANRU @OAAROINUNANITINEYD SAUINT WazAue [8] 81991n39Aa [16] @15ain
Suhdqusviiisrezdfutevesindniuasiadavdomeldunnt 90 Wesidud Wednsdudalaenss
wazesAUszneumaeiiinuluasatnanudnasian nenanaides waziiuh lunuisendiinuans Sitosterol &
\Juanslilnawmosea (phytosterol) 7ifls1891u1 phytosterol finasaunasluguiuusing 4 saufisfanssusefums

i Mavhangwad wazdudinsinuvesameseadinilusiu (sterol carrier proteins) ffeawadn1sANYILN

4

@

WAEITUAINTINLULAWRY phytosterol dodngiian1nIsinunsiiddsy [17] diunisseziia 48 uay 72 93l

2N

gn31n1smevestentrildantuynnssudsiuwiliuwingu (Table 5) wandiiiuingrdvesasainazoangndisd

LaLAIN

Table 5 Insecticidal contact activity of plant extracts against the lesser grain borer in seed storage after 1,

24, 48, and 72 hours of exposure.

Mortality (%) of the lesser grain borer

Treatment

1 hr. 24 hrs. 48 hrs. 72 hrs.
Plant extract (Factor A)
Neem al 59.50 c 66.25 b 80.50 80.50
Marigold a2 64.75 b 79.75 a 80.50 80.50
Sweet flag a3 78.00 a 79.50 a 80.50 80.50
F-test x* x* ns ns
LSD 4.96 2.99 1.32 1.32
Concentration (%) (Factor B)
0 b1l 250d 2.50 c 250 b 250 b
10 b2 5250 c 7542 b 100.00 a 100.00 a
20 b3 87.08 b 9792 a 100.00 a 100.00 a
30 b4 96.66 a 100.00 a 100.00 a 100.00 a
a0 b5 98.33 a 100.00 a 100.00 a 100.00 a
Ftest *% *% *% *x
LSD 6.40 3.87 1.70 1.70
Factor A*B
al bl 250 ¢ 250 c 2.50 2.50
al b2 2375 f 35.00 b 100.00 100.00
al b3 76.25d 93.75 a 100.00 100.00
al b4 95.00 abc 100.00 a 100.00 100.00
al b5 100.00 a 100.00 a 100.00 100.00
a2 b1l 250 ¢ 250 c 2.50 2.50
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Mortality (%) of the lesser grain borer

Treatment

1 hr. 24 hrs. 48 hrs. 72 hrs.
a2 b2 45.00 e 96.25 a 100.00 100.00
a2 b3 86.25 cd 100.00 a 100.00 100.00
a2 bd 95.00 abc 100.00 a 100.00 100.00
a2 b5 95.00 abc 100.00 a 100.00 100.00
a3 b1l 250 ¢ 250 c 2.50 2.50
a3 b2 88.75 bc 95.00 a 100.00 100.00
a3 b3 98.75 ab 100.00 a 100.00 100.00
a3 bd 100.00 a 100.00 a 100.00 100.00
a3 b5 100.00 a 100.00 a 100.00 100.00
F-test x> x> ns ns
LSD 11.09 6.70 295 2.95
CV. (%) 11.53 6.25 2.57 2.57

/Means within the column followed by the same letter are not significantly different (LSD, P>0.05), ns represent non-

significant, ** Significant difference at P<0.01, C.V. represent coefficient of variation.
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Table 6 Efficacy of sweet flag extracts on preventing rice seed damage by the less grain borer in woven

plastic and gunny sacks over a period of two weeks.

Treatment Inhibition (%) of infestation from the less grain borer

Day 1 Day 3 Day 5 Day 7 Day 9 Day 11 Day 13

Woven plastic sack 93.00a” 84.00 a 8550a 8450a 84.00a 86.50a 83.50a
soaked with sweet flag extract

Gunny sacks 73.00b 7650ab 8250a 8800a 81.00ab 8250ab 78.00 a
soaked with sweet flag extract

Woven plastic sack 6450b 61.00b  5950b 5550b 6250c 67.00c 61.50b
without treated

Gunny sacks 68.00b 81.50a 7450a 6550b 66.00 bc 72.00bc 64.00 b
without treated

F-test o * *x *x * * *x

LSD 14.95 16.07 14.26 12.65 15.14 12.59 13.29

CV. (%) 13.01 13.77 12.26 11.19 13.39 10.62 12.03

YMeans within the column followed by the same letter are not significantly different (LSD, P>0.05), * Significant difference at

P<0.05, ** Significant difference at P<0.01, C.V. represent coefficient of variation.
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Table 7 Effect of sweet flag extract on the germination percentage of rice seeds at 1, 2, 3 and 4 weeks.

Rice seed germination (%)
Treatment

Week1 Week2 Week3 Week4

Rice seed packed in woven plastic sack 95.25 95.50 91.75 96.25 a"
soaked with sweet flag extract

Rice seed packed in gunny sacks 91.75 94.00 92.75 90.50 b
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soaked with sweet flag extract

Rice seed packed in woven plastic sack 87.50 95.25 93.50 91.00 b
without treated

Rice seed packed in gunny sacks 89.75 93.25 93.00 93.25 ab
without treated

F-test ns ns ns x*

LSD 7.27 5.23 5.45 3.09

CV. (%) 5.18 3.60 3.82 2.17

/Means within the column followed by the same letter are not significantly different (LSD, P>0.05), ns represent non-
significant, ** Significant difference at P<0.01, C.V. represent coefficient of variation.
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