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Comparison on Macronutrients of Vermicompost from Paper and Organic Waste

Degradation
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Abstract
This study aimed to compare the macronutrients of earthworm manure derived from degradation of paper and
organic waste. The two different species of earthworms used were Pheretima peguana (PP) and Eudrilus eugeniae
(Common name: African Night Crawler) (AF). The vermicompost experiment was prepared by filling loose soil in two

containers to 6 inch height (the weight of 13 kg), then sprinkling water to adjust the moisture content to about 70-80%.
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Each species of earthworm was then mixed with the soil for 0.2 kg each tank. Food for earthworms were prepared
by mixing crushed fresh garbage and dry leaves (mixing ratio of 1:1 by weight) and paper waste and sprinkling with
effective microorganisms (EM) for 50 ml/L. This combination was then applied to the fermenting containers for about
2 cm thick (the weight of 1 kg) and kept for 2 months. This experimental research and analysis was carried out at a
laboratory scale.

From the experiment of vermicomposting from degradation of paper and organic waste using two different
species, the results showed that AF produced higher macronutrient content with total nitrogen, available phosphorus,
available potassium, organic matter, cation exchange capacity (CEC) and electrical conductivity (EC) at the highest
levels of 0.440%, 0.030%, 0.352%, 11.770%, 16.277 Cmol/kg and 1.200 dS/m, respectively. The earthworm AF
species are large in size, having high capacity to degrade organic waste. The organic waste used in this study was
garbage with a variety of vegetables, food and dry leaves, which was rich in nutrient elements. The pH of all four
earthworm’s manure varied from 7.347 to 7.667. Results from this study show that the earthworm species AF which
has large body, could degrade organic waste well. In addition, the organic waste containing a variety of vegetable

waste, food waste and dry leaves, which are sources of nutrients so that containing the nutrient elements in large

quantities.

Keywords: Organic waste, Vermicompost, Paper, Earthworm, Macronutrients
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Table 1 Show the interaction between species of earthworms and type of waste for the relationship of the various
vermicompost parameters
Para Earthworm + Waste SEM P-value Speciesof SEM P-value Type of waste SEM P-value
meters earthworm
AF+ AF+ PP+ PP+ AF PP Paper Organic
Paper Organic Paper Organic
(T1) (T2) (T3) (T4)
pH 7.667% 7.520" 7.560° 7.347° 0.106 0.761 7.593 7.453 0.075 0.223 7.613 7.433 0.075 0.128
EC 0.927° 1.200° 0.790° 0.540° 0.032 <0.001 1.063 0.665 0.023 <0.001 0.858 0.870 0.023 0.727
(dS/m)
N (%) 0.020° 0.440° 0.020° 0.133° 0.012 <0.001 0.230 0.077 0.008 <0.001 0.020 0.287 0.008 <0.001
Available  0.020° 0.030° 0.021° 0.027° 0.001 0.063 0.025 0.024 0.001 0.110 0.020 0.028 0.001 <0.001
P (%)
Available  0.109° 0.352° 0.100° 0.210° 0.016 0.003 0.230 0.155 0.011 0.001 0.104 0.281 0.011 <0.001
K (%)
OM (%) 2.550° 11.770° 3.030° 3.077° 0.078 <0.001 7.160 3.053 0.055 <0.001 2.790 7.423 0.055 <0.001
CEC 5.600° 16.277° 3.927° 4.027° 0.265 <0.001 10.938 3.977 0.187 <0.001 4.763 10.152 0.187 <0.001
(Cmol/kg)

Remark: N is Total Nitrogen, Available P is Available Phosphorus, Available K is Available Potassium, OM is Organic Matter, pH is

Potential of Hydrogen lon, EC is Electrical Conductivity, CEC is Cation Exchange Capacity, SEM is Standard Error Mean; ( ) is param-

eter of unit a, b, ¢ with different letter show significant statistical differences (P< 0.05)
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senvenuda masaidula uiSunnesslsiladie Ysinuaselsilasd uazdiunawhaanululuthg Tasmns
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sgiﬂiaLﬁm%u ganalianunivan wwinaa dwminuiy Uhinuasalsfladia waztSinmasalsflasdanas udana
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Abstract

The objective of this study was to determine the effects of sugar stress on growth and physiology of rice (Oryza sativa L.)
cv. Ma-li-daeng under drought stress. Concentrations of sucrose at 0, 50, 100 and 200 mM were applied to determine
the effects on germination, growth, chlorophyll a, chlorophyll b and total sugar. Rice seeds were germinated in the
sponge for 7 days, then mve the seedlings moved to Hoagland’s solutions and grown for 20 days and then
supplemented with sucrose solution at different concentrations. The result showed that sucrose at 0, 50, 100 and 200
mM gave the germination percentages ofr 97.20+1.92, 54.00+£2.55, 33.50+£0.84 and 22.80+0.83, respectively. When
seedlings were subjected to drought stress, higher concentration of sucrose decreased the shoot length, fresh weight,
dry weight, chlorophyll a and chlorophyll b but root length and total sugar in the leaf were increased when concentration

of sucrose increased.
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Table 1 Effect of increasing drought stress on seed germination, which were subjected to 0, 50, 100 and 200 mM

sucrose.

Concentration of sucrose (mM)

seed germination (%)

0
50
100
200

97.20+1.92°
54.00+2.55°
33.500.84°
22.80+0.83°

Means in the same column followed by different letters differ significantly at P<0.05.
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Table 2 Effects of increasing drought stress on plant height, root length, fresh weight (FW) of shoot and dry weight
(DW) of shoot which were subjected to 0, 50, 100 and 200 mM sucrose.

Concentration of plant height root length FW of shoot DW of shoot
sucrose (mM) (cm) (cm) (g/plant) (g/plant)
0 26.50+2.08° 34.05+4.16° 5.82+0.95° 0.14+0.03°
50 24.33+0.87" 35.15+3.98° 4.39+0.18° 0.11+0.02°
100 21.98+1.95° 36.47+2.85 3.71+0.63" 0.09+0.02
200 18.62+2.70° 38.60+2.49° 3.20+0.06° 0.06+0.01°

Means in the same column followed by different letters differ significantly at P<0.05.
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Table 3 Effects of increasing drought stress on total sugar content which were subjected to 0, 50, 100 and 200 mM

sucrose.

Concentration of sucrose (mM)

total sugar content in leaf (mmol/g)

0
50
100
200

0.52+0.25°
0.56+0.25™
0.82+0.23%
0.99+0.41°

Means in the same column followed by different letters differ significantly at P<0.05.
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butoxide) iiTunanTHne =W FH 931.5 ppm VZQUUBN 1.0 mL/kg WazdAL/A 0.5 mL/kg ﬁqmauﬁam‘nﬂﬁiﬁwﬁ"wﬁm
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Abstract

Prevention of destruction from cowpea bruchids Callosobruchus maculatus (Fabricius) by using essential oils of some
Herbal plants is an interesting alternative to the use of synthetic insecticides harmful to consumers and the environment.
This study converns the toxicity properties of some Herbal plant’'s essential oils including Mentha pulegium, Zingiber
officinale, Petroselinum sativum, Citrus latifolia, C. reticulata, C. sinensis, C. paradise, Schinus terebinthifolius, Jatropha
curcas, Ricinus communis, Piper aduncum, Syzygium aromaticum and P. hispidinervum. M. pulegium essential olil
had the property of fumigant toxicity on egg, larva and adult stages of cowpea bruchids. P. sativum had the property
of fumigant killing on cowpea bruchid adults and was more effective when combined with PBO (piperonyl butoxide).
Citrus latifolia 931.5 ppm, S. terebinthifolius 1.0 mL/kg, and P. hispidinervum 0.5 mL/kg had the properties of fumigant
repellent as well. For properties of oviposition and emerging adult inhibitions, essential oils of S. aromaticum 0.5 mL/
kg, C. sinensis 1,343 ppm and C. latifolia 1,620 ppm had highly effective inhibition of oviposition and adult emergence
(> 70%). It can be seen that some Herbal plant essential oils, have the potential to prevent the destruction of cowpea

bruchids, to replace the use of harmful chemicals and they are inexpensive.

Keywords: Herbal plants, cowpea bruchids, essential oils
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Figure 1
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The life cycle of the cowpea bruchids. A) Adult females oviposit their eggs on the surface of the bean B)

A window appears at the site of deposit C) Young (left) and older (right) pupa D) Adult emergence holes'
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Table 1 Display the main components of aromatic sub-

16
stances.

Aromatic Substances Essential oil / Fragrances
Anethole Anise, Star Anise, Fennel
Anisaldehyde Vanilla, Anise, Fennel
Benzaldehyde Almond

Benzyl acetate Jasmine, Gardenia, Ylang Ylang

Benzyl alcohol Ylang Ylang, Jasmine, Tuberose, Wall Flower
Borneol Rosemary, Lavender
Camphor Camphor Tree
Carvone Spearmint, Dill, Caraway Seed, Balsamite
Caryophyllene Black pepper

Cineol (eucalyptol) Eucalyptus, Majoram, Spike Lavender

Cinnaldehyde Cinnamon Bark

Citral Lemongrass, Lemon, Lime

Citronellal Citronella, Bergamot (thai)

Citronellol Geranium, Citronella, Rose

Eugenol Clove, Cinnamon Leaf, Bay, Pimento

Geraniol Palmarosa, Citronella, Geranium, Rose

Hexenol Geranium, Thyme, Mulberry Leaf, Violet Leaf, Tea
Leaf

Indole Neroli, Jasmine

Isoeugenol Clove, Ylang Ylang, Nutmeg

Limonene Citrus spp.
Linalyl acetate Bergamot, Neroli, Petrigrain, Lavender
Linnalool

Menthol

Larvender, Bergamot, Coriander, Petrigrain
Peppermint, Mint, Spearmint

Methyl chavicol Basil, Sweet basil
Methyl cinnamate Galanga

Methyl eugenol Galanga, Holy basil

Nerol Rose, Neroli

Phenyl acetaldehyde Rose, Narcissus, Neroli
Phenyl ethyl acetate Rose, Geranium, Neroli
Phenyl ethyl alcohol Rose, Geranium, Neroli

Sabinene Black pepper, Bergamot

Santalool Sandalwood
a Plai, Tea tree

Thymol Thyme
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Wae Sabinene (1.4%) §AARBINUTILINWNNIANEINOY
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Sabinene” uaaInMULduABNIINTINTRATHUTIAY
wnaITHadng g I@maww:aaha?iaﬁ'ml,umﬁ@]gwﬁwalu

2829 | sefanatuisd lwnistlosnuindadl907

T591Au
WeondaSuuisunumswasiu laotindunayssing
WISRAINA LC_ 1Ny 489.5 pL/L air uazweailu

fen LC_ iy 35.7 pLiL air (Table 3) wanandeed
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30 &2 az: . A
T8911V89 Dutra et al.® fansliawnanszinaannies
AENad Citrus spp. 4 e (New1an8d C. latifolia,
FUUUUATTU C. reticulata, §ULTI C. sinensis UaziNTANIA
C. paradisi) ﬂ’JUQMﬁ’Nﬁ’J 1 mluff’wju Vigna unguiculata
(L.) Walp. dfinminagauanuidutumanssuiuaas
Lo ad < LY a
MBnweiion 48 $2laus wuinidunenssenWe
v a :1/ A 6 d:ilo s v '
asznasy 4 slelh Jasddsznaunaaiindany leun
Ol-Pinene, Sabinene, Myrcene, Limonene, B-(E)—Ocimene
. 6 A o Ao a qo' Y
uaz Linalool avAlsznaumaadinanfidanluiduna
FRANUWIANER C. latifolia fa Limonene (57.7%),
Y-Terpinene (17.2%), B-Pinene (12.3%) W8z o-Pinene
(2.0%) TawuasAlsznauniaidnanfiddn Limonene
Waz Myrcene luindunasszinadults C. sinensis
(93.8%, 2.1%), RNUNWAT C. reticulata (94.2%, 1.6%)
ey mswm@ C. paradisi (94.2%, 1. 8%) ANEIGL WUAN
LC, maomuuvﬁamwmgwmsmaawm 4 %@ agazwing
10.2-12.98 uL/L air FymanTnBesdrduenuufizain
annldwanlaeadt C. latifolia > C. paradisi > C. reticulata >

C. sinensis (Table 4)

Table 2 Toxicity of Mentha pulegium and Zingiber officinale essential oils to egg, larvae and adult of Callosobruchus

maculatus.®

Essential oils Life stage Slope = SE LCSD (uML/mL air) (95% FL) LC_ (uL/mL air) (95% FL)
Z. officinale Egg 49+04 1.15 (0.59-1.40) 2.23 (1.79-2.63)
Larvae 3.05+ 1.1 2.33 (1.95-2.69) 6.13 (3.80-106.37)
Adult 58+0.7 2.18 (2.07-2.31) 3.71 (2.77-14.53)
M. pulegium Egg 34+09 0.072 (0.05-0.08) 0.17 (0.13-0.33)
Larvae 29+09 0.11 (0.09-0.17) 0.31 (0.19-2.44)
Adult 39+05 0.09 (0.08-0.1) 0.19 (0.16-0.25)

Table 3 Toxicity of parsley essential oil against the cowpea bruchids, Callosobruchus maculatus.®®

Insecticides Slope * SE LC® (95% FL) LC_ (95% FL) LC,_ (95% FL) R
Parsley EO 454073 399.3 (373.0-419.0) 489.5 (474.2-504.7) 635.8 (603.5-686.0) -
Phosphine 144 £1.78 18.6 (14.0-21.5) 35.7 (33.8-39.0) 68.5 (56.2-102.1) 136

2 Lethal concentration (in pL/L air) ® Toxicity ratio = (LC50 to parsley oil) / (LCSO to phosphine).
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Table 4 Mortality of Callosobruchus maculatus adults after 48 h in fumigant test of cowpea bruchids treated with

essential oils of Citrus spp.*

Essential oils Slope + SE LC®_ (C195%) R LC,_(C195%) R,
Citrus sinensis 27.1 +£2.18 12.98 (12.82-13.14) - 14.48 (14.24-14.79) 1.02
Citrus reticulata 18.98 + 1.28 12.68 (12.48-12.90) 1.02 14.82 (14.45-15.29) 1.00
Citrus paradisi 18.13 £ 1.27 12.63 (12.39-12.87) 1.02 14.86 (14.47-15.35) -
Citrus latifolia 8.49 + 0.86 10.02 (9.43-10.71) 1.29 14.18 (12.87-16.54) 1.04

? Lethal concentration (in uL/L air) ® Toxicity ratio = (oil that exhibit the major LC) / (LC of other oil).

Massango et al.® ld@nsgnsmsiuans
fuuaIa N TURNTIR NS RA A oR90 887 Uy
mMyensimafivgnivasansdszney 3 wie laun
triphenyl phosphate (TPP; esterase inhibitor), diethyl
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piperonyl butoxide (PBO; inhibitor of cytochrome P450-
dependent monooxygenases and esterases) 681 3:&NTNNW
yasihdunensanenniaas laoldasdlu 100% 1Hudh
YasausstRugns [aIasaLsiugns 20 mL ndeu
indulunasanasaulaeily 1 42 lus wazvinludla
MIRYURABANATDL nimsesdeiidoluvaea
namouns BliFudaiumaivgnidunawn 1 520

>

parsley essential oil
100 (LC,,=399.3pL L")
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Tagil LCm’uaaﬁwﬁumm:mﬂwﬁaﬁ SuazwWaaiu (Figure 2)
yaeldasiRugns PBO rialﬁtﬁ@mmmga‘ﬁuim
Uszanms 5 win WHediuiulals smSussfivgns DEM
AelwiAansanadnaslasdszunm 3 1vin (Figure 2A)
adslsfionan Linuduandrsiunssdadieldasi
qns TPP (Figure 2A) Gsdum linmauivlunasiluia
IfﬁﬁiLﬁMQﬂé PBO udlinumsasuulasasdanms
anofialdmsiingns DEM uaz TPP (Figure 2B)
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Figure 2 Comparative effects of the synergists piperonyl butoxide (PBO), diethyl maleate (DEM) and triphenyl phos-

phate (TPP) on the mortality of C. maculatus caused by parsley essential oil (A) and phosphine (B) at LC10

(399 and 18.6 uL/L air, respectively). *significant differences between synergized and unsyneergized es-

sential oils (paired t test; P < 0.05).”°
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Dutra et al.® mﬂ“ﬁﬁ’]ﬁu%am:mﬂmnﬁ’ﬁngaﬁw Citrus
spp. 4 THa (Wzw11ANTF C. latifolia, FULNHATIN
C. reticulata, §LES C. sinensis Waz \nTWW3a C. paradisi)
muqm‘f’mﬁ’uﬂy'ﬂuﬁ;ﬁvﬁw V. unguiculata (L.) Walp.
FfiwmInase Ul AN BN TIIRIad i T u e
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iy 21y 0-24 Flug) A 48 Falug ﬁuﬁaaﬁa@mﬁgﬂ
ﬁd@(ﬂ @1 repellency index (RI) ﬁm’sm‘[@ﬂ“ﬁgm: RI =
2G/(G+ P) fi G = Lﬂaﬁﬁ'ﬁuﬁmaaﬁwﬁ;@vﬁm‘*?'iﬁdgmmi
NARAUUAZ P = Lﬂaﬁ%m?mm@haﬁwﬁmﬁ'aa@@lﬁtﬁ@iu
TAAILAN wudaiimsladsidsvenindunauszing
ANATATNAFN Citrus spp. gndatidunaslunnany
Wyt (Table 5) nJas’w’ﬁu@i‘maumaaﬁgnﬁa@@iu*’qﬂ
muquLm:ﬁ'}ﬁu%am:mﬂmaauﬁmmmﬂ@mﬁuama
ﬁﬁﬂﬁ%’]é’tyﬁmwmﬁuﬁu 931.5 ppm PainTunaN TR
C. latifolia ﬁ 931.5 ppm maaﬁwﬁwam:mm C. reticulata
‘71 711 ppm e 1,027 ppm maaﬁwﬁu%am:mu C. sinensis

1 Nat treated

[Sygveium aromaticruar
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Figure 3 Number of C. maculatus adults attracted to cowpea (Vigna unguiculata) grains treated and not treated with

essential oils. The fumigation chambers were kept at: 26.9+1.04 °C, 64.7+2.6 %RH, and 12 hour

photoperiod. "Non-significant. *Significant by the t-test, at 5% probability, when compared with the control.®

Table 5 Percentage of Callosobruchus maculatus adults in control and test chambers after 48 h in repellency tests of

cowpeas treated with essential oils from Citrus spp.”

Concentrations % Adults attracted (+SE)
Treatments RI (M = DP)°
(ppm) Control oil*

Citrus latifolia 688.5 48 + 8.27 52 £ 8.27 1.04 £ 0.52
931.5 62 +5.73 38 + 5.73* 0.76 + 0.36

1,620 57 +5.78 43 +5.78 0.86 + 0.36

Citrus reticulate 607.5 43 £5.78 57 £5.78 1.14 £ 0.48
931.5 35+ 6.01 65 + 6.01* 1.3+0.38

1,255.5 42 +6.96 58 + 6.96 1.16 £ 0.44

Citrus sinensis 711 36 + 6.00 64 + 6.00* 1.28 £ 0.37
1,027 39 + 6.57 61+ 6.57* 1.22 + 0.41

1,343 52 + 4.67 48 + 4.67 0.96 + 0.29

Citrus paradise 600 44 + 6.36 56 + 6.36 1.12 £ 0.40
1,000 39 +7.11 61+ 7.11 1.22 £ 0.53

1,520 56 + 6.86 44 + 6.86 0.88 £ 0.43

® *Significant by the t-test (P < 0.05).

°RI (Repellence index) = 2G/G+P (G = % of insects attracted to the treatment; P = % of insects attracted to the control).



608 Bunyaporn Satongrod et al.

4. msussmsnsliuazmsasnifiuddinie
ﬁ']ﬁummzmuﬁﬁqmauﬁ'a“ﬁ’mlumsa@
nmslavesuunsdapwafisussansitinlimaieiy
WWulavasunasfalnd 1w aenasuldld wiadmdanla
aunsanawdudLauele anseauved Oliveira et al.®
VL@Tﬁﬂmﬂssaﬂ%mwmaaﬁﬁﬁummzmwaamguw'un
S. terebinthifolius, ﬁyjﬁ’l J. curcas, azvja R. communis,
‘W%ﬂvlmil P. aduncum, NIUNY S. aromaticum Wwaz@1a
P. hispidinervum twmssuiufionsndlauaznnsaonidsy
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Fdlen Asudiihdurousan BAZQUWIN S. terebinthifolius
AANINI [URITI 35.24% uazfaaaniseanidudiian
Ju'létls 60.85% (Table 7) Dutra et al.®* snawm3ld
ﬁwﬁumamzmmmﬁwszgaﬁw Citrus spp. 4 Tha
(NewNTF C. latifolia, FULNWATH C. reticulata, FULT
C. sinensis waz \NIWW3a C. paradisi) muquﬁ’mﬁ"’s e
sl,uﬁ"wg'u V. unguiculata (L.) Walp. dtiunInasay
UsAnBmwmssuindaseddoni 48 $2lus Siudwan
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Table 6 Effect of essential oils on the oviposition of Callosobruchus maculatus on cowpea (Vigna unguiculata) grains

treated and not treated with essential oils.®

Treatments Concentrations Number of Eggs (+SE) Reduction
(mL/kg) Control® QOil (%)

Schinus terebinthifolius 1.0 23.60+3.90* 11.30+3.93 35.24
Syzygium aromaticum 0.5 120.60£13.75* 19.50+11.39 74.16
Ricinus communis 1.0 104.00+27.87 90.00+26.09 7.21

Piper aduncum 0.5 69.50+12.13* 14.20+7.07 66.06
Jatropha curcas 1.0 109.30+£14.85 102.60£21.35 3.16
Piper hispidinervum 0.5 82.10+18.01* 31.40£13.16 44.67

#*Significant by the t-test (P < 0.05), when compared with the control.

Table 7 Effect of essential oils on reducing adult emergence of Callosobruchus maculatus in cowpea (Vigna

unguiculata) grains, treated and not treated with essential oils.®

Treatments Concentrations Number of Emerged adults (+SE) Reduction

(mL/kg) Control® oil (%)
Schinus terebinthifolius 1.0 18.90+4.33* 4.60£2.07 60.85
Syzygium aromaticum 0.5 111.60+£14.60* 14.60+9.55 76.86
Ricinus communis 1.0 61.70+£12.70 66.00+15.35 -3.67
Piper aduncum 0.5 55.90+11.32* 10.40+5.68 68.63
Jatropha curcas 1.0 84.40+£12.46 63.00+£15.41 14.52
Piper hispidinervum 0.5 61.00+11.88* 23.50+10.20 44.38

*Significant by the t-test (P < 0.05), when compared with the control.



Vol 37. No 5, September-October 2018 Potential of Some Herbal Plant Essential oils Against Cowpea Bruchids 609

Table 8 Number of eggs laid of Callosobruchus maculatus in control and test chambers after 48 h in repellency tests

of cowpeas treated with essential oils from Citrus spp.*

Concentrations Number of Eggs (+SE) Reduction
Treatments

(ppm) Control oil* (%)°

Citrus latifolia 688.5 207.33 + 37.37 93.5 + 18.40* 39.8
931.5 174.33 + 22.22 95.0 + 16.25* 45.5

1,620 1415 + 40.5 59.0 £ 9.0 69.2

Citrus reticulata 607.5 178.0 £ 20.0 99.0 + 4.58* 44.3
931.5 223.0 + 37.0 101.0 + 36.0 54.7

1,255.5 2125+ 225 87.5 + 13.5* 58.8

Citrus sinensis 711 139.56+£25 98.0 £ 26.0 20.7
1,027 163.5 £ 26.5 725 +8.5 55.6

1,343 242.33 + 15.45 68.66 + 17.70* 71.6

Citrus paradisi 600 129.0 £ 13.0 87.0 £12.0 325
1,000 202.0 £ 26.0 99.5 £ 36.5 50.7

1,520 1725+ 18.5 58.0 + 26.0 66.3

*Significant by the t-test (p < 0.05).
PR = [NC-NT)/(NC) x 100], where PR = percentage of oviposition reduction; NC = number of eggs in the control and NT = number of

eggs in the treatment.

Table 9 Number of emerged adults of Callosobruchus maculatus in control and test chambers after 48 h in

repellency tests of cowpeas treated with essential oils from Citrus spp.*°

Concentrations Number of emerged adults (+SE) Reduction
Treatments

(ppm) Control oil* %)°

Citrus latifolia 688.5 123.67 + 53.79 75.5 +21.89 18.5
931.5 117.33 £ 3.71 65.33 + 3.66* 443

1,620 88.5+ 19.5 13.0 £ 2.0 85.3

Citrus reticulata 607.5 119.0 £ 14.18 76.66 + 6.93 355
931.5 129.0 £ 20.0 68.5 + 20.5 46.8

1,255.5 1725 £ 225 615+ 255 64.3

Citrus sinensis 711 1185+ 3.5 85.5+ 225 27.8
1,027 1325+ 225 65.0 + 8.0 50.9

1,343 173.33 £ 12.60 58.66 + 13.66* 66.1

Citrus paradisi 600 81.0 £ 6.0 68.5+ 8.5 15.4
1,000 136.5 £+ 38.5 68.5 + 30.5 49.8

1,520 73.0+21.0 335%55 54.1

*Significant by the t-test (p < 0.05).
°PR = [NC — NT)/(NC) x 100], where PR = percentage of emergence reduction; NC = number of insects in the control and NT = number

of insects in the treatment.
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Abstract

This study of orchids in Phu Laen Kha National Park, Chaiyaphum province was carried out during July 2014 to June
2015. The objectives were to study species diversity, ecology and distribution. Dry Dipterocarp Forest, Dry Evergreen
Forest and Mixed Deciduous Forest were investigated along natural trails. Two subfamilies, 20 genera and 34 species,
including 2 unidentified species, were found. The subfamily Epidendroideae revealed 17 genera and 9 species while
Orchidoideae revealed 5 genera and 5 species. The genus Dendrobium and Bulbophyllum showed the highest
number of species (5). Epiphytic, terrestrial and lithophytic orchids were found which the highest diversity with 29
species. Dry Dipterocarp Forest showed the highest genus diversity, 16 genera. The dominant species were
Habenaria lindleyana Steud., Bulbophyllum sp.1, Bulbophyllum reclusum Seidenf., Bulbophyllum sp.2, Bulbophyllum
sp.3 and Bulbophyllum sp.4. Unknown 1, Eulophia sp., Liparis sp. and Spathoglottis eburnean Gagnep. were found
from only 1 individual, indicating that they have were at risk of local extinction. The range of epiphytic height in Dry
Dipterocarp Forest, Dry Evergreen Forest and Mixed Deciduous Forest were 0.5-23.0, 0.5-18.0 and 1.6-20.0 metres,

respectively. Epiphytic orchids mostly grew on Shorea obtusa Wall. ex Blume.

Keywords: Diversity, Orchid, Phu Laen Kha National Park
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Figure 1 Some species of orchids in Phu Laen Kha

National Park.
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Figure 2 Map of Natural trails at Phu Laen Kha National Park.

Table 1 List of orchids in Phu Laen Kha National Park, Chaiyaphum Province.

No. Scientific name Local name Habit EH Forest Voucher
(m) type specimen
Subfamily Epidendroideae
1 | Aerides sp.1 snaLannany 1 EO 1-10.5 LA95 TC. 2015-201
3-15 LUTUIWITOh
2-14 AUURY
2 |Aerides sp.2 anatdaannany 2 EO 6-16 LA95 TC. 2015-202
3-13 LUTUIWITOh
5-18 AUURY
3 | Bromheadia ap