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THE PROPERTIES OF Azadirachta indica A. Juss.
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ABSTRACT

Mechanical properties of Azadirachta indica A. Juss. was conducted in 2010-2012. The
physical and mechanical properties were studied. A. indica from Lopburi province were collected. In
case of mechanical properties studied. Dry and wet condition of them were tested.

The result of mechanical properties on dry condition of A. indica revealed that modulus of
rupture, stress at proportional limit, modulus of elasticity, radial side shearing, tangential side
shearing, compression parallel to grain, radial side compression perpendicular to grain, tangential
side compression perpendicular to grain and tension were 116, 75.8, 11,000, 17.6, 21.1, 50.2,
23.1, 26.5 and 155 Megapascal or 1,186, 773, 113,000, 180, 215, 512, 235, 270 and 1,581
kg/cm2 respectively,The impact bending was 2.91 kg-m. and hardness on radial and tangential
side were 5,670 and 6,459 Newton or 556 and 633 kg., respectively.

While the result of mechanical properties on wet condition of the samples revealed that
modulus of rupture, stress at proportional limit, modulus of elasticity, radial shearing, tangential
shearing, compression parallel to grain, radial compression perpendicular to grain, tangential
compression perpendicular to grain and tension were 98.6, 59.2, 10,300, 14.3, 16.4, 41.1, 14.7,
17.9 and 93.9 Megapascal or 1,005, 594, 105,200, 146, 167, 419, 149, 183 and kg/cm2
respectively,The impact bending was 4.33 kg-m. and hardness on radial and tangential side were
5,261 and 4,927 Newton or 516 and 483 kg., respectively.

And the result of physical properties testing of A. indica samples revealed that their radial
shrinkage, tangential shrinkage, longitudinal shrinkage and volume shrinkage were 5.02, 7.88,
0.69 and 12.67 percent, respectively.moisture content at fiber saturation point was 22 percent,

dry density was 847 kg/ma, and the specific gravity was 0.811.

Keywords : Azadirachta indica A. Juss., wood properties
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4. ANAHEUTIqAYHNA (floer saturation point) WL 22 WS

Table 2. The physical properties of Azadirachta indica A. Juss.

type of properties

shrinkage
—radial (%) 5.02
-tangential (%) 7.88
—length (%) 0.69
-volume (%) 12.67
specific gravity 0.811
dry density (kg/mS) 847
fiore saturation point (%) 22

a?uwa

annaesaumAnaaNiRresiazal wodinasfidiideuinge Wedeudulivaly uas
Faridwegdaunninuanmuisluuissnn idedenveHidaudsnnmnsgungunn
(04597 uazAneY, 2528) Ui Usngdliiazinn dnedTulsuanliffaanuudusige (dwegda
UANF1INIANGA 1,000 NAEH. 938 100 INNZUNEATA) LAZHAMHYHNIUANHETIHEIAFI Ap 6 T
(@EAuaTAY, 2547) ANATH FanadaFdiszen duldaudemnnaminggmnanall
HaResandnaauiRng AoAussdn usaden usais nodadane anmileaeinnisdin
nszunn uazanuds dnadhunasilndidesdulidoudeialludu wansdntiiaziang
Trasatnofiudonsonaaunts favaaguilidn natissTomiliaziantuanimusis Tumddassy

WSIHINY IBUN9TIeaES insBeilanieg weldulia uazdvinniseusinen(fiudn azvin i S

E4
=

ANATHVIVITUNANT W 959N A 591 G AT

\WaRansauAaN 1 aNTRsngg AA1ANNEWNITUNIL Heyiiy 0.811 uazAITNLILY

|
=

£ 1 @ 3 =4 1 (Y ) v A ¥ o 1 g
Tuﬂﬂ']”JLLVN FAvinfiu 847 NN./H. "VZ?LW‘LA”J’]TNNZL@"I Lﬁu\fﬂﬁﬂ@u"ﬂqﬂ‘lﬂuﬂ ANAINHTEUTIGANNIA

9

1
=9

' ' A A ' ' (% s ' o o & v g v @ g
frneagn 22 wWedidud fadidandrenindali@ialuidnies Selfivialuardiaonauiiqanune

q

Uszaned 28% (Hirizoglu, 2004) dauArnisnasiasimuanians luszaulndidasdulinall dawen

navadaAS RS Agendn i [Udnties arnaoEIRn R Fsarstiss leniEazanluanin

LAY LNBRANANIZVIUIINNITUAG
11



AnsinssNUszne

ADITEYIINTTINY 2DYDUAD ANLAFINTINATEAT NN1ANYIRLNEATAIGRS 1978

L)

23R URIRN1TAaaU WA [fifantne i figuddaaduimuinasdienan

1
S A

walulaginislus:lenilfamnadndmdneenunn uazgudssnmys AdosTunisudsgd il uay

vpraunmnIH Fifidasaiuagwsulszinauaziflanialunisniiunisisatuasiisiae

LENNTISBN9D

= o 4

'3 - ¥
39 s, B @edansdwns, g0 ewied uasdnAnds qagnd. 2528, flauds

q q

2a9Uszineng. nodsanannalnld ns (i, ngemmy. 176 w.
4
i yeyszlasians uazaawy lundaiadyne. 2542, ayulnsiudnu, ngamme.
¥
wodl Talw, &9p990 95930gnd uazAs WeAAnsduns. 2517. USnimAnau N1snasa

AHENT NN wazdaeineluline. nevidandanatn(l nsunld, ngamwe. 56 .

a < s = o £ s o Las < o ¢ i s o A A o
qR ewies, Reeinh ndaea, ANAREe qanmd, gunied diyad, Tagns Weddaad,

q

yoyals asinz, Ales Teansuansiy wasuneind iwgdal. 2547, ausnuosldne.

nantn(f, ngewme. 306 W,

%3

AnARBm qanny. 2544, nasniReesliuasnistiyseluendll. dindenistnlE nsunlE,
AFINNY. 145 U.

Hiziroglu, S. 2004. Wood Properties. Department of Forest Products. Kasetsart University,
Bangkok. 175 p.

Winandy, J. 1994. Wood Properties. /n Amtzen, Charles J., ed. Encyclopedia of Agriculture Science.

Orlando, FL. Academic Press: 549-561 pp. Vol. 4.

12



¢ =
ANAUSLNBUN I ANYDINSLAN

Chemical Constituents of Azadirachta indica JUSS. Var. siamensis Val.

gan3md  innaadizd | (SUDARAT  KAOLAWANICH)

Unadi ysed’ (PATUMWAN BURAT)’
NG A9FF (UMAPORN  JONGSIRI)’
UNARED

AATTRBIAUTENEUNNARYBYaTAN (Azadirachta indica Juss. var. siamensis Val.) 81
16 T avndandnanyd Trsduusnoanidudiuenailali wWiant uasTull udoumunsuay
TAUNIUAZUNTIABNTUIA 40-60 LN mﬁm‘m:ﬁmummgmﬂmmﬁ’ﬁmiﬁ:ﬁﬁm@'@LL@:
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A9azae e ANaFD A —LUNEUTANUSEN0s 6%, 8-10% WAz 12% ANNATFY N15ava8TH1%
Tofien Eaganlasd AAnUsennss 16%, 37% uas 70% AMNEIAY USHIoANANTFAT 30-38% 284
T YT ERITE X Lﬁ/ﬂ\fﬁﬁﬂ%ﬂﬂmmﬂgiﬂf\?q\mﬂﬂ (64.97-66.69%) wariUENAnLEsIHAN

(0.49-0.55%)
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ABSTRACT

Analysis of chemical composition of Azadirachta indica Juss. var. siamensis Val. at the
age of 16 years from Lopburi province. Chopped the tree for separating wood, bark and leaves
then ground to sawdust and sifted through 40-60 mesh sieve sizes were analyzed by standard
analysis of pulp and paper, moisture content of the samples were 6-10%. Hot water solubility
after extracted with alcohol-benzene of wood, bark and leaves were value about of 2 %, 8% and
15% by wt. of mfs., respectively. Alcohol-benzene solubility of the samples were value about of
6%, 8-10% and 12%, respectively. The solubility in 1% sodium hydroxide of the samples were
value about of 16%, 37% and 70%, respectively. The content of lignin in the samples were value
of 30-38% by wt. of mfs.. There were very high cellulose content (64.97-66.69%)and very low
ash content (0.49-0.55%) in the wood.

Detection result of the active ingredient groups of Azadirachta indica Juss. var. siamensis
Val. by phytochemical screening of flavonoid glycosides nonvolatile coumarin  glycosides and

polyphenol in wood, bark and leaves of Azadirachta indica Juss. var. siamensis Val.

Key words: Chemical constituents, Active ingredient, Azadirachta indica Juss. var. siamensis Val.
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Wood Strength and Pathogenecity on Azadirachta siamensis

for Wood Improvement
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Abstract

Wood-decay fungi play an important role in determining the pathogenicity and
decreasing bending strength of wood. The degradation of 16-year old neem wood was verified by
wood durability and strength in term of percent weight loss, modulus of rupture (MOR) and
modulus of elasticity (MOE). The experiment was firstly carried out by agar block and wood stick
sandwich method. The wood samples were selected from three parts of a stem: the bottom, the
middle and the top, and then were exposed to six different wood-decay fungi for four-month
incubation period at room temperature. After treatment, the data were analyzed by using T-test at
95% confidence level. The results showed that the bottom and the middle part had average
percent weight losses lower than that of the top part of a stem, as well as the sequence of 1:2:5
weight loss ratio of the bottom : middle : top respectively. According to the result, it performed
slightly change in weight loss about 4.48%, compare to “Durable” wood decay fungi and upheld
about 10-15 years of service life. As the same results, it indicated that the average bending
strength of the bottom and the middle part had higher than that of the top part. To summarize, the
results indicated that wood-decay fungi were able to have influence over slightly change in weight
loss, MOR and MOE on A. siamensis. Finally, it revealed that the 16-year old of neem wood

demonstrated its natural durability and bending strength as hard wood followed by RFD standard.

Keyword : Azadirachta siamensis, wood durability, wood-decay fungi, weight loss, bending strength

22



AU

[ @) L & A & 1 o [ 1% 1 v @
Tiazian Wulileansadnafianiisiannasasinnnlsaslgailfnainnans el
WAN T DNRVIALNN T WY INABNTTH N9NT9NERTRaanalfTulATInE19a1AT SAHY

a o/ o 1

HARSTsInge WaBNA1 (690 Ausinee g8 [ aseaINTRNn Sy e [EeRn a9lFdadn
\wingRanirasad nguueslfiazinnuszneusion axmdiy (Azadirachta indica) azian(vel
(A. siamensis) WALAZLATN (A. excelsa) BH19(3AATN FTNITOIIUUNAITNLANFATITLININ
. v o/ o/ a 1 o/ a =] 3

species Tnal¥anuoeynnedmuguinen W dnumzessly auneesia Auesiden wenainiu
ANHOUEVINNANTAR R LANFA19TT

cﬂl 1 = cﬂl U L4 v a % o/ 4' U o a o/ o/

\Henanfiedessanistdlsylenianniyneia dedunanfifesinniansansusiy
usn Biun annudsusslunissuussefingne maamumnuannsssie el leainnstHanly
anazidessiatignieesingyinans (i W Besn faluifademiniifidesaniniunisduuss
Tnganizlugianslassadneeinnsfiinissusinminunng HarnisownasFindluned
AnboiznIEuen HUsIngaInIfisiudn

v & 4 a @ =< A o [ 1 QI dl

SR N9ANEIAINLTSUTILAZNT9I AR IR Hazan A9iaandi uesaeEs 7
Fa9L T RRANEN N IHNTITEULTY LAZATTHYINITHATNEITHENR2D (H W15 15979 [ aaaR&as

fupmanTRvesld Seazgaalinistinsnennssssnmifinauduesell
ad
ABN1SANE

ANANNITANEIATINNUNINATNETTHEIR wazATHLTIWTIaInn1inne(d
e naduany 16 1 nendsgruinvinansannidasvinansfidmam 6 species THur Loweporus
medullae-panis, Fomitopsis feei, Irpex sp., Pycnoporus sanguineus, Gloeophyllum sepiarium WRs
G. striatum Befldupauntaraiinem fil
1. AnEIAHNUNIRATHES SN RRe L
1.1 nziAes@esvinans Hunemnsfies malt extract agar Aansdiadin 2% Tu
wAnAaDd (Kolle' flask) Unfigamnfivias aunaziadlerasdiasiaoyfinmnmaass
1.2 w3anlinaanssmmon 3 ngn Ae [Hinaassdaulangiu daunancdin uazdon
Uanefiu usiazdaueessfiuinannens 3 was vinnnsudsguHawam 2x2xt aw. Tuusazaauyin

MIRHRENTWIE 91194 10 F1/ %897 suuRITigoug)R 100+5°C iatmiminasd

23



a

1.3 N9 1ge Enaansfinaunisauuts Faendafionausiilonn ﬁ@qmwgu
121°C AN 15 Upud/A9.59 waw 25 Wit wasensis wnlHinaassanstunanaans faeds
aseptic technique TimaaanaaasdiasdAliain Uaitgomgivautiuaa 4 Wau

1.4 Lﬁ@éﬂf\!@ﬂ’ﬁﬂ@@ﬂd Wnlinanainuaanaany vinanazanadultveadesn
LaZBULHITgnmMAR 10045°C Famimiinasil A sudsfifudniagodeimines sl
Feufusminees HAauaany LazUsefuAI TN NUNIUATHETTHYR ﬂ’]ilqﬂ"li?%ﬂﬁu Tredie

fuseAuNTgayRedmiin Aefl

AL m'iqty@ﬁﬁmﬁfﬂ ATHYIHHANHEITNGNR  1ENT3 T
1 Haendn 1 % NUNIUNIN N1INNT1 15 1
2 1-5 % VIUNIU 10-151
3 5-10 % VUNIUUIUNE 5-10 1
4 10-30 % Tifdmaununu 2-51
5 H1NN91 30 % WS Hepndn 2

2. ﬁﬂmmwuﬁau.‘samnmsﬁ’mmﬁmamﬁgnL%@sw?ﬁmﬂ

2.1 1938 feeder strip AUIA 2.5x5x1.5 N, ¥in1siseindadaaniiatinanum
Tosin Agounafl 121°C maNAw 15 Uous/ma.ida win 25 urft silimaaesanstuaanases
aunswiaduleresdosnadoyfin@ull Tnel¥ feeder strip samaw 12 BwZn9n

2.2 1 AUNEINARBIINIA 2x2x30 BN, 91494 10 B1TB51 inNTieRnZadas
niafenanslandudiaaty feeder strip anniuEesERlimaasssznulidnniiu Tnad
feeder strip #unanauuy sandwich Tunsvuzviaaay 39 vermiculite 7iUasn@eidiugatHaangy
Tnnazuzliain yniunenUfiRfasds aseptic technique Unfigomgaviasidiugan 4 e

2.3 Lﬁ@ﬁuqﬂmﬁwmm ¥anaren ineaey wasiolunsTunszuaainie
Usza10s 20-30 S aunseialfiuse annshuinBinnassvaaauainnuiussainnissa e
AnIaRaLnNaI i TneiuyingessuBulEiviaeiu 25 au. uasiinminnagaaianaumminass
Asnanalimaans Sanfoniiasntedng feadnsnsaaaniminns 0.6 aau./ufl aungeiald
VARBILANTN LARBIAaURIR (3 axiufinAtAanuEsussannnisae Usznaudae A
AMHAINITO HNITHIHNIHNNTUANRN (modulus of rupture = MOR) WAZAIATNAINITA AT

Fnunaunnslaa (modulus of elasticity = MOE) w3aaanuudefla (stiffness)

24



NALAZIFTTINA

1. ANEIAMENHIIRATNESSHATRAD

11 WANIAVARDUAMNIUHAINEITHIARes [Hazinduany 16 T n1emdd
gﬂﬁm’mmm%ﬂ‘m 6 species THun Loweporus medullae-panis, Fomitopsis feel, Irpex sp.,
Pycnoporus sanguineus, Gloeophyllum sepiarium Wag G. striatum (Table. 1) ALAFTIEANANIIFNDR
Tmﬂ?%T;uﬁtLﬂ%ﬁtnﬁEUﬂquuMﬂﬁqaﬁﬂﬂ@q@Vnaﬁinﬂ@%r%uﬁﬂﬁﬁqqnﬁﬂﬁﬁwﬁhm@qTﬁﬁqgﬁ%
Duncan’s new multiple range test 7iszfuAITN @D 95% wudn FEasodtian 1 A 7% An
wefifudniagayiRedminuansneii Segona AR AU NEITHE R Wi TA
2 g Ae ngnzesdaTdvinas i Snali i arummennssssaAasnans Taun @asn
L. medullae-panis (6.25%) wa P. sanguineus (8.49%) (#fla1gn15T8anm 5-10 T donngusian
dungduuasdaafidnalilifanunumou Thun Has1 £ Feei (1.76%), Irpex sp.(3.73%),
G. sepiarium (2.60%) Waz G. striatum (4.05%) Tazflangnnslisn 10-15 T asnelafinaitle
AATARNN N EBI 6 species TNMTa319ANIEEMN LA HFaZAN WU @agvinaax
FevnefiniagayiReiminuesiiadeies 4.48% wivin Hedamnammmstiedssn wazdeny
M3T#911 10-15 T nadwsAlH 3 iiiwinliasenduany 16 9 arsnsoinuntilsslaniliasied
UszAnBan sanaimin mnfinaimsnamnmFEdasmaliladiosiusnudeld azia Tl
forgnialienufingu 3-5 wihesund Saduunenientsdaleniliaannliognedudd

wazlszita

Table 1. Comparison of the average percent Weight losses of Azadirachta siamensis after caused

by wood decay fungi.

Fungi species Weight loss (%) Natural Durability class Service life (year)
Loweporus medullae-panis 6.25 * Moderate durable 5-10
Fomitopsis feei 176 ° durable 10-15
Irpex sp. 3.73 " durable 10-15
Pycnoporus sanguineus 8.49 ° Moderate durable 5-10
Gloeophyllum sepiarium 2.60 ° durable 10-15
G. striatum 4.03° durable 10-15

Average 4.48 durable 10-15

*Means with the same letter are not significantly different according to DMRT at confidence interval 95%
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Table 2. Comparison of percent Weight losses among three parts of timber after caused by wood

decay fungi

Fungi species

% Weight loss

bottom middle top
Loweporus medullae-panis 3.39 5.40 12.42
Fomitopsis feei 0.40 1.04 5.24
Irpex sp. 1.98 2.29 9.03
Pycnoporus sanguineus 4.74 8.94 14.00
Gloeophyllum sepiarium 0.78 0.75 8.70
G. striatum 0.38 1.90 12.91

Average 2.02° 3.39 ° 10.38 °
Weight loss ratio 1 2 5

* Means with the Same Letter are not Significantly different according to DMRT at confidence interval 95%

Comparison of the average percent Weight losses of

Azadirachta siamensis
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Figure 1.

Average weight loss of Azadirachta siamensis after exposed to wood-decay fungi.
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Comparison of percent Weight losses among tree parts of timber
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Figure 2.  Average weight loss from three parts of A. siamensis stem after exposed to wood—decay fungi.
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Table 3. Comparison of bending strength of A. siamensis after caused by six decay fungi

MOR* MOE*
Fungi species 3 5
Mpa Kg/cm Mpa Kg/cm

Loweporus medullae-panis 95 ° 969 15,533 ° 158,387
Fomitopsis feei 118% 1,203 12,018° 122,545
Irpex sp. 107 1,180 16,476° 168,002
Pycnoporus sanguineus 112 @ 1,142 16,904 ° 172,366
Gloeophyllum sepiarium 133 ° 1,356 16,190° 165,086
G. striatum 17 1,193 15,704° 160,130
Control 16 % 1,183 11,079° 112,970

* Means with the Same Letter are not Significantly different according to DMRT at confident interval 95%

Table 4. Comparison of bending strength of A. siamensis after caused by wood decay fungi

Part Control Treated with Fungi

of MOR* MOE* MOR* MOE*

Timber  Mpa Kg/cm2 Mpa Kg/cm2 Mpa Kg/cm2 Mpa Kg/cm2

Botton 123 ° 1254 10.647° 108,565 129° 1315 16,175 164,933
Middle 118° 1203 11.778% 120,098 112° 1142 15,519° 158,244
Top 108° 1,101 11,097° 113,154 88 897 13,128 ° 133,864

* Means with the Same Letter are not Significantly different according to DMRT at confident interval 95%
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Modulus of rupture of neem wood after exposed to wood-decay fungi.
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Comparison of modulus of rupture from three parts of a neem stem.




Figure 5. Experimental method (A) Agar block test and (B) Wood stick sandwich method.

Loweporus medullae-panis Pycnoporus sanguineus

Gloeophyllum sepiarium G. striatum (5/42) Fomitopsis feei

Figure 6. The characteristic of wood samples after using bending strength method.
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ABSTRACT

The study of wood durability is a very important principal study for the purpose of
the most appropriate utilization to the durability of each wood, avoid and protect wood from
deterioration, and prolong wood service-life. The sample sizes are varied. In Thailand, the
durability of wood has been studied since 1954 by using 2 sample sizes that are 5x5x50 cm. and
2.5x5x50 cm. which is not specified the source or standard. Further urgency need of this science
is the ASEAN community approaching. Hence, Thailand has to set standard for durability of wood.
This study is carried out by using Azadirachta indica A.Juss. var. siamensis Valeton (Ai) which is an

34



important fast-growing species at present. The objectives are 1) to compare the effect of vary
sample sizes to the durability of Ai and 2) to find the suitable sample size of A/ for the wood
durability study. The sample of A/ has been cut according to the American Wood-Preservers’
Association Standard no. E7-93 to 3 sizes, 45 stakes each, which are 2.5x5x50 cm., 1.9x1.9x45
cm., 0.4x3.8x25.4 cm. and the RFD stake test size: 5x5x50 cm. All stakes have been penetrated
into ground as a Graveyard test to the real weathering of wood durability plots in Chiang-Mai,
Nakorn Sri Thammarat and Surat Thani Silvicultural Research Station. The wood durability of stakes
has been collected. The results reveal that after 10 months sample size 0.4x3.8x25.4 cm. has 27
rejected stakes. The sample size 5x5x50 ¢cm. has no rejected stake. And there are almost none
rejected stake of all sizes in Chiang—Mai and Nakorn Sri Thammarat durability plots. The sample
stakes in all plots are destroyed less than 25%. The compared study of Hevea brasiliensis
Muell.Arg. (Hb), which is a perishable species, has been set in sizes of 1.9x1.9x45 cm.,
0.4x3.8x25.4 cm. and 5x5x50 cm., 10 stakes each at Surat Thani Silvicultural Research Station. It
shows that after 2 months each sample size of Hb rejects 9, 1 and O stakes, respectively. And
after 6 months all stakes are rejected.

The results of this A study cannot obviously conclude that the sample size has
effect to the durability of wood, especially to 2.5x5x50 cm. and 5x5x50 cm. sample sizes that the
RFD has been use since the period of study is too short for the study of wood durability which is
normally an unidentified period of study. So that the study of sample size effect to the durability of

wood should be repeated for the correct and reliable results.

Keywords:// Azadirachta indica A.Juss. var. siamensis Valeton// Natural durability// size
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Figure 1. Study plot at Surat Thani Silvicultural Research Station

Figure 2. Study plot in Chiang-Mai

Figure 3. Study plot in Nakorn Sri Thammarat
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Table 1. Number of rejected sample stakes size

Number of rejected stake of wood durability in vary sample sizes (stake)
Wood Durability Plot

0.4x3.8x25.4 cm  1.9x1.9x45 cm 2.5%x5x50 cm 5x5x50 cm. Total

Surat Thani Silvicultural 23 10 1 0 34

Research Station

Wood Durability Plot in 2 0 0 0 2
Chiang-Mai
Wood Durability Plot in 2 5 0 0 7

Nakorn Sri Thammarat

Total 27 15 1 0 43
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Figure 5. Compared study plot of Hb at Surat Thani Silvicultural Research Station
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ABSTRACT

To examine the natural durability of Azadirachta indica A. Juss. wood from plantation was
conducted in Saraburi province. The 16 years thinning wood from Lop Buri province was evaluated
for its durability in the under-ground condition. After 6 months exposure period, we found that
Azadiracta indica A. Juss. wood specimens were 16.29% destroyed by subterranean termites and
could be classified as durable wood. This percentage of wood damage was decreased significantly
to 5.71%-9.14% when treated with 3 types of water-borne wood preservatives : Chromated
Copper Arsenate (CCA), Chromated Copper Boron (CCB) and Ammonical Copper Quaternary (ACQ)
by using 1%, 3%, and 6% of concentration respectively. Moreover, treating wood by 3 hours
soaking in preservative solution showed better wood protection performance than 5 minutes
dipping method. However, this field testing duration was not long enough to evaluate efficiency of

the tested wood preservatives in this condition, it should be more than 6 months for further study.

Keywords : Azadirachta indica A. Juss., wood durability, under—-ground condition, wood

preservation, water borne wood preservatives, dipping, soaking
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Table 1. Average damage (%) of the tested Azadirachta indica A. Juss. wood specimens in each

block after 6 months field exposure period.

Block No. 1 2 3 4 5 6 7

Average damage (%) 10.36a 7.00a 8.450 8.00a0 8.73a 9.09a 6.72a

Note :  Mean values with the same letter in the same column are not significantly different

according to Duncan’s New Multiple Range Test at 95% confidence level.

20 - 16.29b
15
) 9.14a
Q 7.57a 8.00a
o 10 -
5 7290 5oy
£
O
o
5 .
0
CCA 1% CCA 3% CCB 3% ACQ 3% ACQ 6% Control
Wood Preservatives

Figurel. Effects of some wood preservatives on Azadirachta indica A. Juss. wood in the

under- ground condition for 6 months exposure period

Note : Mean values with the same letter in the same column are not significantly different

according to Duncan’s New Multiple Range Test at 95% confidence level.
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Table2. Percentage of damage of Azadirachta indica Juss. wood treated with some wood

preservatives in the under- ground condition for 6 months exposure period

Wood Preservatives  Treatment Retention (kg/m3) Average damage (%)

CCA 1% Dipping 0.15 11.00
Soaking 0.27 4.14

CCA 3% Dipping 0.24 9.43
Soaking 0.81 2.00

CCB 3% Dipping 0.28 7.00
Soaking 0.74 7.57

ACQ 3% Dipping 0.28 12.86
Soaking 0.93 5.43

ACQ 6% Dipping 0.62 12.00
Soaking 1.63 4.00

Control No treatment - 16.29

Rubberwood No treatment - 95.73

Note : Mean values with the same letter in the same column are not significantly different

according to Duncan’s New Multiple Range Test at 95% confidence level.

Table 3. Effects of treating methods on Azadirachta indica A. Juss. wood in the under- ground

condition for 6 months exposure period

Treatment Damage (%)
Dipping 10.46a
Soaking 4.63b
Control (no treatment) 16.29c¢
Note :  Mean values with the same letter in the same column are not significantly different

according to Duncan’s New Multiple Range Test at 95% confidence level.
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ABSTRACT

The durable efficacy of Neem woods (Azadirachta indica var. siamensis) from Therddamri
plantation Lopburi Province to the attack of subterranean termites. The experiments were
conducted by using most economically subterranean termite, Coptotermes gestroi Wassmann. One
experiment was conducted in laboratory for 8 weeks using “no choice test” with CRD method.
Another experiments was conducted in the field for 6 months using “choice test” with RCBD
method. Both experiments were performed in 4 replications. Result revealed that all of the samples
of Neem wood were resistant to termite attack. It should to promote for economically usage.

Keyword: Neem wood//protection and prevention//subterranean termite
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Figure 1. C. gestroi Wasmann (A) Worker (B) Soldier
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400 workers and 40 soldiers

J./ Termites

Figure 2. Laboratory test. (A) In plastic block (B) Termites attack wood

Figure 3. Size of Neem wood were 2.5 x 2.5 x 1 cm. (A-C) Wood from Lopburi site

NTFIWLULANRNTITVIANB
TwipslfiifinsTdununnsmaaasuun CRD (Completely Randomized Design) t3suiiie

AENWINYes [Hazindand e uarilvEnmudaruanSauiaudaiuan 1 v3vmans s

LLuuﬁuﬂﬁﬁﬁaﬁ
Yi = p{+T o+ &) 1le = 1,2,
U = ARty j=12,.r
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8 =  ANNARIAARDNTDINITNIARSN
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Cement block
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. — .4— Ground level

Figure 4. Field test (A) Above ground (B) On ground
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Fufinn1aaRauAENINIIas [ aziasdeniadinvinasraslaanyinana i sty
sosufiRnauaznasunn Tnafinanimaaeudsl

MIVARELANHYIMIIWYES [Hazin arnaaulawennnd sauafafing annadauinig
Fmdaany3 sonisdvinarsesdaaniinane (i nantsmeasulukeslfifinisuazninanis

ATNATTIT 1-2

Table 1. Average percentage of damage on 11 samples of A. indica var. siamensis from Lopburi

province in laboratory.

Samples of Average percentage of damage Score level

A. Indica var. siamensis

Sample from Lopburi

1. No. 1 Sample 1 463 1
2. No. 1 Sample 2 4.14° 1
3. No. 1 Sample 3 4.76" 1
4. No. 1 Sample 4 4.20° 1
5. No. 2 Sample 1 2.90° 1
6. No. 2 Sample 2 2.62° 1
7. No. 2 Sample 3 4.28" 1
8. No. 2 Sample 4 2.37" 1
9. No. 2 Sample 5 3.34° 1
10. No. 3 Sample 1 0.45° 1
11. No. 3 Sample 2 4.000" 1
Control 4‘5.71b 4
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Table 2. Average percentage of damage on 11 samples of A. indica var. siamensis from Lopburi

province in field trial

On ground Above ground
Samples of Average Score level Average Score level
A. Indica var. siamensis percentage percentage
of damage of damage
Sample from Lopburi

1. No. 1 Sample 1 0.00" 0 0.00 0
2. No. 1 Sample 2 0.00" 0 0.00" 0
3. No. 1 Sample 3 0.00" 0 2.50° 1
4. No. 1 Sample 4 0.00" 0 0.00" 0
5. No. 2 Sample 1 8.75" 1 0.00° 0
6. No. 2 Sample 2 5.00% 1 2.50° 1
7. No. 2 Sample 3 2.50° 1 6.25" 1
8. No. 2 Sample 4 0.00° 0 0.00° 0
9. No. 2 Sample 5 0.00" 0 0.00 0
10. No. 3 Sample 1 0.00° 0 0.00 0
11. No. 3 Sample 2 1.25° 1 5.00°" 1
Control 100.00° 4 100.00 4
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KILN-DRYING SCHEDULE FOR Azadirachta indica A. Juss.
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ABSTRACT

Neem (Azadirachta indica) is one of fast growing species that remarkable characteristic
attracted by the Royal Forest Department. Experimented Neem tree was collected from private
plantation at Chai Badan site, Lopburi province. Dimension of planed sawn timber was
20x100x200 millimeters. The defects-free of sawn timbers were used for the experiment. Each
test pieces were weighted at green and oven dried condition at 103+2°c until reached constant
weight. Test results showed that there were 3 types of defects observed, 1) surface checking,
mostly fell at level 3, 2) honeycombing at level 4 and 3) deformation at level 1 which was lower
than the origin dimension about 0-0.10 mm.

Drying schedule were produced and estimation for drying time was calculated for 15
percents moisture content of sawn timber would be 9 and a half days operation. This drying

schedule needs to readjust before regular kiln drying.
Keywords: Neem (Azadirachta indica), kiln drying, check, honey combing, deformation
AT
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Figure 1 Weighting and drying specimens.
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Level 4
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Level 5

Level 6

Figure 3.

without honeycombing

1 major honeycombing

2 majors or 4-5 minors or combination of 1 major
and 3 minors honeycombing
4 majors or 7-9 minors or combination of 1 major

and 4-6 minors honeycombing

6-8 majors or 15 minors or combination of 4
major and 6-8 minors honeycombing
15-17 majors or 7-9 minors

or 1 continuous minors honeycombing

Degree of honeycombing.

FLYLNITHUAT WAL A-B (HH.)

Figure 4.
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Table 1. Degree of deformation.
Degree of deformation Differential from A =B (mm)
No 1 0.0-0.3
No 2 0.3 -0.5
No 3 05 -0.38
No 4 0.8 -1.2
No 5 1.2 - 1.8
No 6 1.8 -25
No 7 25 -35
No 8 Above 3.5
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o a 1 L (%4 ds’
4. gwinaneukRlEuanuuUsIRe
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AARALANLULSIRS (Figure 3) wudn uHufiazinnsnegneflsemuaadn1siinmniduanuuusan
AU 4

Figure 6.  Check on early stage.

Figure 7.  Measuring honeycombing.

5. A1SH5N9ANSINDU (N

dnafilfannasnadaluda 2-4 fa

AP LANUSTIAAZI9LSNABINITAL Windy 3
ANNTYLIAT Wiy 1
AN AATDYLANLLDSIRY windyu 4

s FrnBsuisuiunansnnsgiuansinniiiinainnngauld (Table 2) azifin
THdn annszdusmiiAaneansinfinafAgomg A Euusneesnissy (ntial temperature)

HUNYAFATINE2897158Y (findl temperature) UazANAHLANFNNIBINTEIUNTIALaznTEieden
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(wet bulb depression) LHARATTUIMNAINTITHURINUIT TLAUFIMRNITUANLLUIIANIH

AINTHLSIRRRNaNziazlinsademseeuliinnuiiadail Tng

a < 0
AT RN HNLIHNILINTBINTIBUYI 49 C

a o . 0
QEMﬁﬂNTZ\!@VI’]%J‘ZI@\?ﬂ’I’i'BUﬁ 73 C

9 U

o Y 0
ANAHLeNsNsIasnsTidvwisuaznssilsden?t - 3.3 °C
o ' 4' v v & o g ! a 2 3y & .
e adensmanudiugssninsgomgRuaz3unsmns@uluniseuls (Figure 8)
annnamasnatasifidiaannuandisessnszidizuivuasnazdindan uasniAIANEy
AANS ANNTINUTAIANNANAWTVBIGMR ANMENTNTTUAzAINTWaNAAY8S [ (Figure 9)

AT EaE19n191900 [HaLAn ALan9li Table 3

Table 2. Degree of defects from each stand point of drying condition
Variety Degree of defects
Drying condition
of defects 1 2 3 4 5 6] 7 8
Check Initial temp.(OC) 70 65 60 55 53 5O 47 45
on Wet Bulb Depression ‘c) 65 55 43 36 30 23 20 18
early stage  Final temp. °c) 95 90 @85 83 82 81 80 79
Initial temp. (°C) 70 66 58 54 50 49 48 47
Deformation  Wet Bulb Depression ‘c) 65 60 47 40 36 33 28 25
Final temp. ('C) 95 88 83 80 77 75 73 70
Initial temp. (C) 70 55 50 @ 49* 48 45 - -
Honeycomb  Wet Bulb Depression ‘C) 65 45 38 B33* 30 25 - -
Final temp. (°C) 95 83 77 73 71 70 - -
Remark: *  Select the lowest initial temperature from each defect result.
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Final moisture content

after kiln drying

Relationship between temperature and moisture content on kiln drying.
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ORY BULB TEMPERATURE °C

EQUILIBRIUM MOISTURE CONTENT OF WOOD AS A FUNCTION OF
ORY BULB TEMPERATURE , WET BULB DEPRESSION AND RELATIVE HUMIDITY

RELATIVE HUMIDITY %

Figure 9.  Relationship between equilibrium moisture content of wood as a function of dry bulb

temperature, wet bulb depression and relative humidity.

Table 3. Kiln Drying Schedule for 2 cm. thickness of 16 years old Azadirachta siamensis.

Moisture content

Dry bulb temperature

Wet and dry bulb depression

Relative humidity

(%) o) o) (%)
Fresh
40-35 49 3.3 83.5
35-30 49 3.3 83.5
30-25 49 3.5 82.0
25-20 53 9.1 59
20-15 65 20.4 31.0
<15 75 30.0 19.5
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Estimation of drying time
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Relation between W.B. depression
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Figure 10. Estimation of drying time at IF type dry kiln.
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ABSTRACT

Neem is one of the fast growing trees that Royal Forest Department had promoted to the
public to plant as for increased farmers’ income as well as increasing green areas of the country.
To put more value-added to this 16 years old Neem sawntimber, by dip in wood vinegar and high
temperature pressing. Finding that after Neem sawntimber dipped in wood vinegar for 15 minutes,
then pressed with 180-200 Oc temperature under 100-120 I<g/cm2 pressure for another 15 minutes long,
mechanical properties of sawntimbers slightly equal to old Neem from forest. Density of tested
Neem sawntimbers were 0.78-0.88 gm/cm3, MOR between 135.86-151.78 MPa and MOE
between 15061-16011 MPa which surface color was shiny brown than non treated sawntimber.
Compare to old Neem from forest which its density was 0.86 gm/cms, MOR 147 MPa and MOE
12240 MPa. Therefore, this treated Neem sawntimbers improve its mechanical and physical
properties. To further study, improving figure surface of sawntimber may bring to consideration as

well as proper equipments and machines to suit the purposes.

Key word : //Neem sawntimber and its value-added// Physical and Mechanical properties
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Table 1 Physical properties of Neem sawntimber before and after tested

After tested

Before tested
Steam pressing (01) Hot pressing (02) Soak & hot pressing (03)

filealducauny Ailelfi@andndewneass Suilelfidudvinna  Aflallidudiaadia ndd
¥ ! 4 a ¥ o A L = D SPN Y = a = ¥ A a
HipageuNesin  Sdwilniaiu Aondhdl Ravtihduuavizeud (02) RAomdEauane H
uiduaznsrAuen gnanevFeundzaads  dadnuanndaned  damdnuanadinaunaans
UNBUUANATNLALY

FINAUTALTY NANDY
; v ¥ 2 =
RNTEILG] (01) Steam pressing famnuduladn 1 nn/an” Wi 20 Wi

Sfuiugesie 100-120 nnas” Wi 15 wdl

(02) Hot pressing 8AAILAITNEBNNY 15 W FU398% 100-120 NN /BN
0N 180-200 BIANTALBYA

(03)  Sock and hot pressing BiaAmUEHENATERM 15 1917 SPdasmraEenasm 15 Wl

AR 180-200 9ATATYE 7T 100-120 A /an’

Table 2 Means of Neem sawntimber Mechanical properties before and after tested

. Steam pressing (01) Hot pressing (02) Soak & hot pressing (03) Natural timber*
Mechanical
20 x 20 x300
Properties 50 mm. 100 mm. 50 mm. 100 mm. 50 mm. 100 mm.
width width width width width width mm.
Density 0.58- 0.65- 0.78-
3 0.68-0.72 0.78-0.85 0.78-0.83 0.86
(gm/cm’) 0.86 0.91 0.88
MOR (Mpa) 101.35 113.57 107.69 115.67 151.73 135.86 147
MOE (Mpa) 9936.90 11584.53 11256.85  12489.38 16011.00 15061.00 12240
Hardness (kg) 4715.00 4610.50 5959.25 6470.50 4941.50 5623.00 7320

(2

* finn : Fhilaudivraslsemalve @il 5. 188 dindsunissnnisunlduasnannatn 8 nguln(s (2548)
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Table 3 Difference of finished sizes at 23 mm. stopper.

Neem size 50 x 25 x 350 mm.

Size after tested
Size before tested

Steam pressing (01) Hot pressing(02) Soak & Hot pressing (03)
WxTxL (mm.) WxTxL (mm.) WxTxL (mm.) WxTxL (mm.)

50 x 25 x 350 49.69 x 24.25 x 350 50.75 x 22.81 x 350 51 x 22.75 x 350

% Spring back from
23 mm. stopper 5.4 -0.82 -1.08

Neem size 100 x 25 x 350 mm.

Size after tested

Size before tested

Steam pressing (01) Hot pressing (02) Soak & Hot pressing (03)
WxTxL (mm.) WxTxL (mm.) WxTxL (mm.) WxTxL (mm.)
100 x 25 x 350 99.88 x 24.06 x 350 99.44 x 22.63x 350 100.31 x 22.50 x 350
% Spring back from
4.6 -1.60 -2.17

23 mm. stopper
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Figure 12 MOR size 50 mm. from difference treated.
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Figure 13 MOR size 50 mm. from difference treated.
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Figure 14 MOR size 100 mm. from difference treated.
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Figure 15 MOR size 100 mm. from difference treated.
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ABSTRACT

Research study for particle cement board from Neem tree (Azadirachta indica) residual that
treated by various 2 treatment conditions; 1) non treatment (non soaking) 2) soaking in water at
room temperature. Lab size boards were manufactured by Neem tree and cement ratio 4 level
were 25:75, 30:70, 35:65 and 40:60 and 2 accelerators type that 1) calcium chloride: CaCl, 3%
2) aluminium sulfate: Aly,(SO4)s 0.5% and sodium metasilicate: NaySiOs 3%. All experimental
boards were tested and analyzed the results for properties according to TISI 878-2537.

Suitable matrix for manufacturing particle cement board from Neem tree is particle and
cement ratio 30:70 or 35:65 and CaCl, for accelerator. Adding more accelerators or soaking in hot
water or chemical can be reduced thickness swelling and increased mechanical properties (MOR

and MOE).

Key words:  wood cement board, Neem ((Azadirachta indica ), accelerator
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Table 1. Physical properties of wood cement boards from Azadirachta indica A. Juss.
Moisture Water Thickness
Accelerator Density Thickness
Treatment Ratio 3 content absorption swelling
type (Kg/m.") (mm.)
(%) (%) (%)
TISI 878-2537 1100-1300 10 +1.0 9-15 - <2
CaCly 3% 1356.64 10.24 9.23 19.92 1.61
25175 Na,Si05 3% and
K,S0.4.Al(SO,)5 0.5% 1300.64 10.26 8.34 23.49 1.30
CaCly 3% 1319.07 10.81 10.92 13.75 2.09
30:70  Na,Si05 3% and
Non K,S0,.Aly(S0,)5 0.5% 1256.06 10.65 9.13 18.44 1.69
soaking CaCl, 3% 1233.51 11.03 1.1 15.64 2.44
35:65  Na,Si0s 3% and
K,S0,.Aly(SO,)5 0.5% 1213.34 11.00 8.51 19.18 3.52
CaCly 3% 1184.82 11.87 10.24 20.73 3.46
40:60  Na,Si05 3% and
K,S0,.Aly(SO,)5 0.5% 1141.17 11.67 10.18 23.13 4.10
CaCl2 3% 1301.82 10.48 12.08 10.63 1.23
2575 Na2Si03 3% and
K2S04.A12(S04)3 0.5% 1357.90 10.26 9.15 17.49 3.64
CaCl2 3% 1297.84 10.65 9.70 14.06 1.74
30:70 i %
24 hrs. Na2Si03 3% and
K2S04.A12(S04)3 0.5% 1286.72 10.58 9.83 19.32 1.63
soaking
CaCl2 3% 1251.20 11.14 10.28 16.60 2.56
in water
35:65 Na2Si03 3% and
K2S04.A12(S04)3 0.5% 1191.04 11.05 8.57 18.45 2.78
CaCl2 3% 1142.45 11.95 11.58 17.41 3.34
40:60  Na2Si03 3% and
K2S04.A12(S04)3 0.5% 1128.87 11.65 10.32 21.14 4.24
25 1 [ 25:75 Calcium 3%
c 20 - [l 25:75 Alum 0.5% and Sodium metasilicate 3%
% 15 [ 30:70 Calcium 3%
§ 3 [ 30:70 Alum 0.5% and Sodium metasilicate 3%
c = |
E 10 [ 35:65 Calcium 3%
§c 5 [J 35:65 Alum 0.5% and Sodium metasilicate 3%
0 - : - [ 40:60 Calcium 3%

Figure 1.
94

non soaking 24 hrs. soaking in water

Treatment

[ 40:60 Alum 0.5% and Sodium metasilicate 3%

Water absorption of wood cement boards from Azadirachta indica A. Juss.
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[l 25:75 Calcium 3%
[l 25:75 Alum 0.5% and Sodium metasilicate 3%
[J 30:70 Calcium 3%
[B 30:70 Alum 0.5% and Sodium metasilicate 3%

(%)
[\

[0 35:65 Calcium 3%

[J 35:65 Alum 0.5% and Sodium metasilicate 3%

Thickness swelling

40:60 Calcium 3%
O

T T [[] 40:60 Alum 0.5% and Sodium metasilicate 3%

non soaking 24 hrs. soaking in -~ TISI 878-2537 [ TIS| 878-2537

water

Treatment

Figure 2. Thickness swelling of wood cement boards from Azadirachta indica A. Juss.
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[ 25:75 Calcium 3%

o 8 - [l 25:75 Alum 0.5% and Sodium metasilicate 3%
—_
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Figure 3. Modulus of rupture of wood cement boards from Azadirachta indica A. Juss.
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Table 2. Mechanical properties of wood cement boards from Azadirachta indica A. Juss.

Modulus Modulus Internal
Accelerator
Treatment Ratio of rupture  of elasticity  bonding
type
(MPa) (MPa) (MPa)
TISI 878-2537 >9 2> 3,000 =05
CaCl, 3% 3.42 1,261 0.46
2575  Na,SiOz 3% and
K,S0,.Al(SO,)5 0.5% 2.50 1,777 0.18
CaCl, 3% 4.63 1,939 0.57
30:70  Na,SiOz 3% and
Non K,S0,4.Al(SO4)5 0.5% 3.36 1,876 0.34
soaking CaCl, 3% 5.41 1,941 0.54
35:65  Na,SiO5 3% and
K,S0,.Al(SO4)5 0.5% 3.65 1,394 0.34
CaCl, 3% 5.77 1,811 0.61
40:60  Na,SiOz 3% and
K,S0,.Al(SO,)5 0.5% 2.88 874 0.28
CaCl2 3% 3.24 1,562 0.59
25:75  Na2Si03 3% and
K2504.A12(S04)3 0.5% 2.78 1,954 0.34
CaCl2 3% 3.73 1,640 0.52
30:70  Na2Si03 3% and
24 hrs.
K2504.A12(S04)3 0.5% 3.70 1,794 0.28
soaking
CaCl2 3% 4.40 1,560 0.58
in water
35:65  Na2Si03 3% and
K2504.A12(S04)3 0.5% 3.53 1,509 0.27
CaCl2 3% 3.68 1,129 0.49
40:60  Na2Si03 3% and
K2504.A12(S04)3 0.5% 4.03 1,280 0.23
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Figure 4. Modulus of elasticity of wood cement boards from Azadirachta indica A. Juss.
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Figure 5. Internal bonding of wood cement boards from Azadirachta indica A. Juss.
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ABSTRACT

Research study for medium density fiberboard (MDF) made from Neem (Azadirachta indica).
The density of experiment boards at 650 and 750 kg./cu.m. processed with various 3 glue types;
1) modify starch 2) urea formaldehyde (UF) less than 5.0 mg/I formaldehyde emission (E,) 3) urea
formaldehyde (UF) less than 0.5 mg/I formaldehyde emission (Ep) content at 10% (by dry weight of
fiber). Properties of boards were tested by TISI 966-2547 and JIS A 5906-1994. The data gathered
were analyzed by statistical method.

The results demonstrated that Neem at 750 kg./cu.m. with 10% UF (E,) (by dry weight of
fiber) suitable for manufacturing MDF but thickness swelling were decrease. Non-emission MDF

made by modify starch but increase glue content.

Key words: medium density fiberboard (MDF), Neem ((Azadirachta indica ), moisture content,
density, modulus of rupture, modulus of elasticity, internal bond, water absorption,

thickness swelling, Urea formaldehyde (UF), modify starch
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Table 1. Physical properties of medium density fiberboard from Azadirachta indica A. Juss..

Moisture Water Thickness
Density Thickness
Glue type 3 content absorption swelling
(kg./m.”) (mm.)
(%) (%) (%)
TISI 966-2547 10 + 1.0 4.00 - 10.00 - <8.00
JIS A 5906-1994 10 £ 1.0 5.00 - 13.00 - <12.00
Modify 650 9.83 5.27 252.43 100.26
starch 750 9.83 5.16 191.88 86.30
650 9.83 7.99 109.72 22.65
UF (Eo)
750 9.94 7.43 81.06 19.53
650 9.75 5.37 108.76 28.06
UF (Eo)
750 9.73 5.35 88.26 27.95
300
9
< [J Modify starch
g [ EU (E2)
2 [ EU (EO)
° 100
[]
o
Z
0 Density (kg./cu.m.)
650 750

Figure 1. Water absorption of medium density fiberboard from Azadirachta indica A. Juss..
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o o/

NUILHHLAN AT THATINITWEIAIATN A HNUIRAE s LANA19ARe g (T Ay n1ea i
(p>0.05) WHLHUALY Modify starch HAINTITWBIFIRINAIINMHIRRL WANATRB g1 TTdfey
NNNEGR (p<0.05)
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Figure 2. Thickness swelling of medium density fiberboard from Azadirachta indica A. Juss..

4. ANAITNATHUSIAR

ArarndnnussinnasaasunulaHdancumuuinlunanidindsagluga
11.44 — 22.60 MPa Wudn Fiieunnle HanA N LN asfivinann Hazianildnin E,
AAAUMUIUUHIBIUHY 750 NA./AL.N. AAHIMATHNUANINTIN HON. 966-2547 Wl (NN
ANHINUTIHTRT1H JIS A 5906-1994 (Table 2 and Figure 3)

SevinnArneiassismediayanniaaaes wodn fedediarasmnaminui
YBIUAN LATTATEIIHYBIRTAANTIILAT AN LN BIUN WE BB NAs AT A NE TSI T ARAE
peefiTA A yBavneadR (p<0.01)

sFAEEsIRmaasNianisiSe e uTaeAees Duncan’s New Multiple Range
Test W11

41 whdleBiEnaamHRSN AT AN W IWHY 650 nn/au.N. Wal¥na
uANANEHANY ﬂ'f]mfmﬁmwﬁqG‘TmLaf?i'ﬂ%LLmﬂ&ifNﬁu@ﬂ'NfaJﬁﬂm‘i’lﬁiymmﬁ?} (p>0.05)

42wl SRR N WU IHN AT AT U2 BN 750 NAL/AL.H. WHWT Y
119 E, uwazni E ﬁcﬁhmfmﬁﬁmmﬁmaﬁﬂLL@ﬂ@iNﬁ’u@ﬂ'NTﬂﬁﬁfmﬁﬁfymmﬁﬁ (p>0.05)
A TEn Eo Waz Modify starch ﬁrﬁi’]mmﬁml,lﬁqﬁmaﬁﬁmﬂ@hqﬁ’u@ﬁ'mmﬁﬁfﬂﬁﬂﬁfy
NWNOF (p>0.05)
5. ANBAANHANgu

ArnandadanguiatsansunuleWdnnaamuuinliunansddedsagtudag

1,096 — 2,514 MPa WU biH g [H8AAIM N AR UKL IRNa S TIvinann (Hastan AR {0 Ll
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VBILHN 750 NAJAL.H. [FN19 Ey WAZA1T E, HANNDARFE AN UNIUAIHINUTINIRTTIH IS A
5006-1994 AN Modify starch HAnanAaE e NN TINIRTgN JIS A 5906-1994

WaY HBN. 966-2547 (Table 2 and Figure 4)

Table 2. Mechanical properties of medium density fiberboard from Azadirachta indica A. Juss.

Modulus of Modulus of Internall
Density
Glue type 3 rupture elasticity bending
(kg./m.”)
(MPa) (MPa) (MPa)
TISI 966-2547 222.00 22,500 20.60
JIS A 5906-1994 225.00 22,000 20.40
Modify 650 13.73 1,735 0.17
starch 750 18.21 2,514 0.14
650 11.44 1,096 0.27
UF (Ep)
750 22.60 2,028 0.42
650 11.98 1,234 0.20
UF (Eo)
750 20.41 2,086 0.30
25 -
g
>3 20 1 | [] Modify starch
g 15 [J EU (E2)
3 EU (EO)
w 10 8
o [ TIS! 966-2547
3
g 5 Bl /'S A 5906-1994
E O T T

Density (kg./cu.m.)
650 750 TISI 966-2547 JIS A 5906-1994

Figure 3. Modulus of rupture of medium density fiberboard from Azadirachta indica.

Wavinnsdiasnsiannulsdsanresdiayaeinnimaass wudn Siigsdedeimnenaes
gilanafi HuarAnEvuiw s aEnasar N andad aveundae il a Ay ieaiia
(p<0.05)

o o A i A o = = aa R .

iAnenaad anguiaigniinisiisuiieulaedfees Duncan’'s New Multiple Range
Test Wudn
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5.1 unnle(HanAunuILIRU BN a197inenn [Haz AT AU A THTHI LY B
WK 650 NN./AL.H. ﬁﬁ’m@@ﬁﬂﬁmmﬁimﬂﬁﬂLmﬂ&mﬁummmuﬁi:ﬁummwmwmmLLN'u
750 NN./aU.HN. adNEHEAIAYnNadiR (p<0.05)

5.2 wiule WAL LsinLNunansfivinenn ezt i l¥nin E, Wwaznia E, HAN
nandadamguliunnsneiatnfiidAymneada (p>0.05) uAAnFNAINLHWATENT Modify

starch agiNHRaATYNINETR (p<0.05)
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Figure 4. Modulus of elasticity of medium density fiberboard from Azadirachta indica.

6. AAMEATILsIRIRIRINAURM

FnpsduasRssnnAURminasresuNnlE THdan NN At d Aads
aglutng 014 - 0.42 MPa wudn Suievwriule A amUwMIUN AT THiaziand
ATHNAWIUINIBILHY 750 NN./AL.N. [n17 B, HAsmaainneininsgiu JIS A 5906-1994
WA TN UANN TN AT BN, 966-2547 ving (Table 2 and Figure 5)

Wevinnisimsnsianaulslsauesteyaennisnaass wudd Meiledesanuariiadeisien

a !

ADIARANTT BWAZAITNAUTLHUYBILNRHBN BN AFABDATATTHATHLIIFIAIRINALRINHR AL

o o o

e dAyBmeaan (p<0.01)

¥
o o

o 1 v P a k4 zdl o =1 A ada N
‘Lﬂﬂ’?ﬂ’]"l&l@]WHLL?QC”I\?WGQ’TﬂﬂUN’]'ﬂH’]Lﬂf\]ilN’Wl’]ﬂ"l’ﬁLﬂ‘i?_IULV]T:IUT@IEI"J‘I??I@Q Duncan’s New

Multiple Range Test WL

|
=

6.1 unnllfgnAamILL U ansann HaianiteEnig Modify starch 1HamA27H
MU DI UNUFNS AN AH L FRaRINTURIMTIIRRE A TuAN AN TuD e 19 (T Ta 1 Aty
NNNGF (p>0.05)

6.2 winlelEFnAmmuILNINNa19en (HazianditEnng E, uwaznia E, TRl EarY
PUTUHLAN AN TAIAIHE USSR URIMTI A Esz AN A Teg e T d Ay e s dn
(p<0.05)

110



0.7 ~

— 06 4 [ Modify starch
5 )
e EU (E2)
2 05 - el
o= y @ EU (E0)
< i @ TS 966-2547
c
5 03 - [ 'S A 5906-1994
Q
S 02 -
c
—_ —
Y 0.1 -
£
0 A )
Density (kg./cu.m.)
650 750 TISI 966-2547 IS A 5906-1994
Figure 5. Internal bonding of medium density fiberboard from Azadirachta indica.
qFUNR

aNFEn9nEn e naaNTRzeswNkle [HdaaemuuitURn a1 n Hazsnnfiaan
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¥
1. MegadNEn
nsgadusnresunnlelddnaanunuiuinliunatsfivinean (fazianilinnag3e
WoH1aR B E, Ainanamuiudi 750 nn/au.u. Adinisgaduuintenign fa 81.06%

I Y [ AT L G P IO R I T G Y ot G R Tt PO I G R AR R TGN

1
=

y9a@n (p<0.01) TnawsnlelHignamumuiuinlunatsfi faonsmuuiduwinduiia¥nig £
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LRI ATY N 9ETR
2. AISNBIAIATHAITHINA

ANNNTNBIFIATH AN 2B HS R A N kU unatsann [Haven st umas

WNOTINNRTEIH NBN. 966-2547 WALINTITINIATFN IS A 5906-1994 finvius

a9

a

AN WATAI TN IUHHY DI UN LR B BNAS B AINITNEIAIPTNATINI R AL D195
iRy Sameadf (p<0.01) winlalisaauru LU AT AERILRLAN A9 i Wa il
ANNITNEIFaR N A HMHRA [Huandefu e l¥nae By waznia £, widnt¥n1a Modify starch
ATNITNBIAIATHATTHINUURNE AL UANFANTUD L W RIS A A Y NNETR
3. ANTATHATHLSIAR

a A 1 v o/ 1 dl o v dl U 4‘ ]
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4. ANDARNEANEM

W T S AR AT U ATV T A AT AT HAN BB IUAY 750 NNL/AL.H.
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Tyt tsianainfiazian

VENEER AND PLYWOOD OF Azadirachta indica A. Juss.

Yaizad 1r99na’ (PIYAWADE BAUCHONGKOL)

Fagns \Nad3Tm (VALLAYUTH FUEANGVIVAT)

Fs7 sITHINE (WEERAYA THAMMAKHAN)
UNARga

s vintiaman (Azadirachta indica A. Juss.) a1 16 T aandamdnany3 viaduliiong
wazunulisn 3 41 Tnal¥n1a 4 #iln Aa 1) nagFanesdiad (a6 (urea formaldehyde: UF)
2) NANBaNa5TAA (F6 (phenol formaldehyde : PF) 3) A19 methylene dipheny! diisocyanate
(MDI) wae 4) 119 emulsion polymer isocyanate (EPI) TuU3nAed 190 nSNsBAN519IHAS Tnawsnd
HAR N UV AREUAMAN M ANN TN IR T IUNRAS T RN TIN NN, 178-2549

anndayanmanymzaswnufidnandazienaguddn anunuuinees@uteazien
aglusedy 0.76 ninstagnuiAfianfnns wnlidnazinssinnnisismaeuendi¥nna MD|
HArmNAMLIIRAR ANBnarEang LAZAIATHATULS L E AR AN DITTHRT T TIAL

\urnfigegn

ABSTRACT

Research study for veneer and 3 layers plywood made from Neem (Azadirachta indica)
16 years old from Lop Buri province. The experiment boards processed with various 4 glue types;
1) urea formaldehyde (UF) 2) phenol formaldehyde (PF) 3) methylene diphenyl diisocyanate (MDI)
and 4) emulsion polymer isocyanate (EPI) content at 190 g/m.2 (single glue line). Properties of
boards were tested by TISI 178-2549.

The results demonstrated that veneer density of Neem at 0.76 g./cm.3 Plywood made from

MDI mechanical properties is the best and passed industrial standard.

T o a f ) a ° o A o | o | v
vinArnnstn gy naRiee dinddeuasimunniginll nenal

2 o © A O o A v o | v | v
Hriaenindds dninddeuasimuinistnld nasnld
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ATAAN:  (HUN UaulHgn [Hazian

Key words: veneer, plywood, neem (Azadirachta indica
AT

HUaweD w.e. 2532 SgunalafinisdssniadadidnuniudiunyiaUssmeiiafienis
Snunufivnreslsema vinidntsinfeanannta dewaliifatlyminisaauaaulildiaes
FoflUdunaui lifleenefuaaafasniszeclssugaamnssudszinma i Hidwingiy
Tnaannzlssmgammnssnlfivvuaslfisn Wewingaannssndsunnilldlfivazniads
1% a a Ao o a ° @ ' A A v P o 1A a a o
FagauTuniandsfiandsy Sasndnduednedefiarfias i ldgumning il ganan fdnuos

3 Al ¥ ! 1% ¥ | [ 1 o ad A
wamss Ysrrennsmilsine un yinss Ty sesuansng duaudemnalng uazdviidife

| & o A v & 2 Y adaw oA Y
arnnsezlrssunasine suivingAvtunisteulssn dubEdasRanouinden He
e W AR g nanuaeiuvifon i dwingfundn Hunsuas Han sial{Adenls
i (4N (Tectona grandis) Taneun (Dipterocarpus  alatus) Tasman (Toona sp.) Tandin

(Chukrasia sp.) [#inzuin  (Anisoptera sp.) wazlfiaen (Shorea spp.) lngiu

aqiiuafin(figeiuannan (veneer logs) 1N Fimaniifinnisanuwaauuas s a1geau
FEoee TwwniiUn Hansnfilenadesmmanandn W E HFaadifoonis Fednduiiazfiesin
ynafnnafe A iuinguTunisnds fnsaslEenndrsdsymadanndudngiviion
Tsssuieianisrniiunssell elianedensdin Hainiidesnisld siuiazdasdnm
wazidenld HydndunnTdlun1sndalfidn ek nnduingiunaunulfianniisssueid
\Hpsann fiazian (Azadirachta indica A.. Juss. var.siamensis Valeton) 1nlfififinnssaadalfign
vialhwngRnnevassane ilalffinndnunreadhunaeiiinezimntdlunsinHunsEan

T semuduFanmeniefiunanladmsunisnaans InasUIun TN AR AL H ULy [Hae

A5ANENATENRRUNUH SR [Hazimn (Azadirachta indica) 2898KNNBARNS BILND
Faurma Samdnaniy angUazanos 16 9 daliduvionena 50 wufiwes aanh vinldvinuiu
Trunsuazianlnafdunen foi

1. nswsaNlHuNan Hazen

11 #nliigeazaiigomnfl 80-90°C fimaan 24 #alu
12 yinlfazannUengaairaesloniune WHanumunUszanm 1.6 fafmns
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1.3 1 {fiung (veneer) ﬁfﬁfﬂﬁammmmmmuuﬁwgmmﬁumﬁmmwﬁ
QIIVRR LN
14 FeAanlfiursiidsmennsiuidauniisllninisnada Tnadaiivuduauin
10X10 ANFILEHANAT T199U 10 WA
15 fialfiuneiinde WiFamn 40X40 asamsiinms wansindnraasausantii
AN AR ST 5-8%
2. AISNARBINTSUARILDY (WU (HFLLAN
2.1 swnliunsfisinldaunnudainde 1.4 sudrnauansa waaT¥indaineants
WAINeyHIAT NN139RRIAAITNNENY (AMUANAE: tangential) AINYNT (H11819: longitudinal)
LAZANNAN (F1uSAsl: radial) FapirRaednuunn Taaviniadnmuisnsemunseiivinnnsda
TN CAT R e TP Gl Tt
22 sl liunesanane TUFainmindaoinieds Afnonazdunt
0.01 N4H W BrnasnnsdulpaBeudieudusimineuui dinemna uassiminasausn
PEIUHI LA A uARLAs T RN uaannae
23 Tuusiaziu Winn199RanInAIENATIe ATTHENT WA AITNTHARTIRILIALTIYA
wEasmne Tnsandasinmin tiindeayalfuduiluisnszugannainguiiyndusuasy 6 du
swsuliunsiandslldingouiigomgf 1052°C auliukaduaadszunns 24 dalug auls
siminasl sinliunsdnedweanundnnauasiaimintuindoyauiuly
2.4 sidoyai [ UARTsimANANRLEa2d198RTIN9MARY (% shrinkage) UAE
LAz 991 HI0IANNEY (% moisture content)
3. NSNARBINILHKHBaen iazian et fiwdenl3iuie 15
3.1 naveaasivuinEienniin 3 44 TngunulfEunsindunniniaTusuno
190 NsusaR1T9MAT Tnani1afitEunnmaansilaed
311 nafEvinueuEsaUsznnTHemnie T
- nnyBenesiian @6 (Urea formaldehyde: UF)
312 naflEvinueu s aUssnn Hemnieuen
~  A1afueanesaA (8@ (Phenol formaldehyde: PF)
- 119 Methylene dipheny! diisocyanate (MDI)
- 11119 Emulsion Polymer Isocyanate (EPI)
32 WNWIHEAR [ Nd A TN A LA UNAFEUNIAIAITNEIHUTIAA
(modulus of rupture) ATNBAREEANEW (modulus of elasticity) AITNFTUKIIRADY (shear strength)

WAZAINITWANTIH (wood failure) MINNIATIHUNARADITIgAAMNTIN HBN. 178-2549
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NANISANKILALITISOING

Qmﬁnumwmfﬁme

Tz nliluntmeassadsfiangdszaim 16 U arndamdnany

3 HAURTIAATITH LA UB

W gudnanmanlazanos 21.65 uRlins Jarauiuiuesfiuisdsznins 0.76 nduse

ANUNATLEUANAS e [Huref FAandteiey Saussduinaaiansoisifeua ena by

THarnnrsdan lUnesaunismasa axsiulfdn

nManAsiares [Huazia1ennssineAuaniauaz 3l (Toble 1 and Figure 1) oeftn

2R 4.78% LAY 3.86% ATNAIALU FIWN1TRARITISZAUAITNTRUSTENIDE 5-8% N1THARIUD

THunsazmnannnszinedinudniauazSad oglugas 4.55-4.60% uay 3.25-3.50% AMuAWIL

Table 1. Relationship between moisture contents and veneer shrinkages of Azadirachta indica A. Juss.

Veneer Moisture content Veneer shrinkage (%)
(%) Tangential Radial Longitudinal
117.34 0 0 0
21.20 1.03 0.23 0.07
Sapwood
13.85 3.38 1.41 0.10
Density
3 11.94 4.32 2.88 0.1
0.75 g./cm.
10.59 4.81 3.07 0.12
0 4.78 3.86 0.16
116.39 0 0 0
21.12 1.34 0.30 0.02
Heartwood
13.95 3.99 1.87 0.09
Density
5 11.81 4.95 2.06 0.14
0.77 g.Jem.
10.57 5.09 2.48 0.16
0 5.42 3.09 0.18
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Figure 1. Relationship between sapwood veneer shrinkages from different section.

dowBsuflauiunsasaeesHueazn1annuiunnesduaniauas AR (Taole 1 and
Figure 2) aglnazi 5.42% uay 3.09% ATNATAY WAZNIAARATITZFUAINNENLTZHD) 5-8%
navadnres [Huneazenenuw i uaNTauas SR oglurag 5.20-5.25% uay 2.60-2.75%
sy apinlidn Hunsazmainuinfiniamesafuduiagendnfiusazeneinnasi o
nanasares Biunidniasenieiifnademafasrissndneniseuliune Burdisinismass
g9 dnfwnlinfenfnsasunnuanunia (i sasfnanaunialiun BanislAse vinliRauas
vauliiunsinifugnadu unalinnnntunsfinnaresBidasias sned, 2557)

WenBsuieuntanasaann Haiagueg Afiacnsmudnlissdufiunnseii & Table 2
azifinin manasnvesHiunsanniegiwsziuindiAesiulfusazimfion (Azadirachta excels)
wAANNIN(Hu19e1eWn (Dipterocarpus alatus) wamatidindn nnslEesuesfiunsanniiazinng
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Figure 2. Relationship between heartwood veneer shrinkages from different section.
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Table 2. Relationship between moisture contents and veneer shrinkages from different species.

Veneer Density Veneer shrinkage (%)
speciese (g./cm.s) Tangential Radial Longitudinal
Azadirachta indica Sapwood 0.75 4.78 3.86 0.16
Heartwood 0.77 5.42 3.09 0.18
Azadirachta excelsa Sapwood 0.48 5.62 2.37 0.44
Heartwood 0.51 6.84 2.18 0.10
Dipterocarpus alatus’ Sapwood 0.68 11.06 6.32 0.28
Heartwood 0.75 12.60 6.89 0.25

Source : 1Montri (2537)
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finaanldiaziannafianiaf FAI AN 09THIATgIW Hen. 178-2549 (Table 4 and
Figure 3) Taeusinlfidnniaunnitingg MDI fidnaasiuusdnmisgeqa Ao 94.90 MPa Lile
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Table 3.  Physical properties of plywood from Azadirachta indica.

Thickness Moisture content
Glue type

(mm.) (%)
TISI 178-2549 5+0.2 7.00 - 15.00
Urea Formaldehyde (UF) 5.05 9.50
Phenol Formaldehyde (PF) 4.62 9.98
Methylene diphenyl diisocyanate (MDI) 4.80 7.64
Emulsion Polymer Isocyanate (EPI) 472 7.74

Table 4. Mechanical properties of plywood from Azadirachta indica.

Modulus of ~ Modulus of Shear Wood

Glue type rupture elasticity strength failure
(MPa) (MPa) (MPa) (%)
TISI 178-2549 34 >4,500 - -
Urea Formaldehyde (UF) 63.85 7,054 0.85 90
Phenol Formaldehyde (PF) 76.78 8,338 1.26 45
Methylene dipheny! diisocyanate (MDI) 94.90 9,927 1.69 50
Emulsion Polymer Isocyanate (EPI) 60.04 6,922 0.49 25

100
[ UF
> § @
g 2
> ¢ 50 - [ MDI
T S
g & [ EP!
[24
Il TSI 178-2549
0

Glue type

Figure 3. Modulus of rupture of Azadirachta indica.
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Figure 4. Modulus of elasticity of Azadirachta indica.
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Table 5. Shear strength and wood failure of TISI 178-2549

Shear strength (f,) Wood failure
(MPa) (%)
02<f,<04 > 80
04<f, <06 > 60
06 <f,<10 > 40
1.0 <1, non assigned
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Table 6.  Shear strength and wood failure of plywood from Azadirachta indica.

Shear Wood

Glue type strength failure
(MPa) (%)
Urea Formaldehyde (UF) 0.85 90
Phenol Formaldehyde (PF) 1.26 45
Methylene dipheny! diisocyanate (MDI) 1.69 50
Emulsion Polymer Isocyanate (EPI) 0.49 25
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Figure 5. Shear strength of Azadirachta indica.
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ABSTRACT

A study on energy potential of Azadirachta siamensis was conducted by making charcoal
briquette from wood residue. Charcoal briquettes were made by combining 4,000 g of fine
charcoal with tapioca starch at 100, 200, 300 and 400 g. The charcoal briquette made with
4,000 g fine charcoal and 200 g tapioca starch gave the best overall results, providing a work
done value of 1.36, a burning rate value of 4.09 g/min, a heat utilization efficiency of 26.63
percent and a calorific value of 5,748.85 cal/g. Charcoal briquettes were also made by combining
4,000 g of fine charcoal with tapioca starch glue at 5, 8, 10 and 15 percent concentration by
weight. The result found that the best combination was the charcoal briquette from 4,000 g of fine
charcoal mixed with tapioca starch glue at 5 percent, providing a work done value of 2.06, a
burning rate value of 5.65 g/min, a heat utilization efficiency of 33.87 percent and a calorific

value of 5,701.71 cal/g.
Keywords: Azadirachta siamensis//wood residue//energy//charcoal briquette
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Using the extract from Neem to prevention and control of subterranean termites

23y 1939Yn39 (Khwanchai Charoenkrung)'
955u%a \RIWfiN (Wassachon Pengyam) >
§0175504 AHaY (Tidawan chomdech) >

U1 q1nUaa9 (Naroecha J(Jkpong)2
UNARED

ansl¥ansatnainazianlunistesiuiidauacnisisin Binn1snaaeusiagds Feeding

test WAL Contact test lnatasazinfiainainsssusi@ 99uau 5 faeds wWisuiieudundniamsd

7l HlFansain nan1sRnuanudnansionaignsiunisiidnlann uaziinasengfinssnnis
dl o/ 3 a & = 1 o/ o/ dl 1

RN wazdufinisfiuemnsresaindefinansznusiesnsnnisaerestasntuseiuiinanla

fiaegl
Abstract

Study on the efficacy of the extraction from 5 samples Neem plant extracts. By feeding
and contact test methods. The result reveled that mode of action of the neem extractive on termite
from the laboratory was classified as killing and antifeedant which result in final motality of tested

termites.
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HansFnEuazaseUUfi3eInsneuanesweadnse ansainenaza 1agds contoct
test i ludnuasznmarauTfiuas AN BoREAn A1 Lanslilunnanefl 3-4 wudn wanavagey
dnlludneosfaatuiuniamaseuuuy feeding test Tnesnaatnanazamie 5 faodn §M190
yinliUannaneld 100% n1elunaan 14 54 (Ltgg=14 5%) Lﬁﬂ%ﬂ@j@%ﬂ&’)@ﬂﬂﬁ%ﬂﬂﬂﬂ (14934) 21N
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M13197 1 wWesdudnisanerestainiflenaaeuiussainasan Ingds feeding test TuAnsvaaaL

o/ A
Y7
§n9nNIAETuTiase (% real mortality ) FEAUNTSAN
AFANAFLAN A7 7 4
6 %.4. 12 2.4, 194 33U 7 34
NANDUVIUA
Fapdnadt 1 25.31" 30.16° 5100 | 82587 | 100.00° 1
Fantined 2 17.28"™ 24.62° 3120° | 73.85° | 100.00° 1
fpdnsit 3 22.81" 29.16° 3486° | 7489° | 100.00° 1
Ffpdnait 4 28.80" 38.17° 4543 | 8768° | 100.00° 1
s 5 10.77 14.07° 17.65 | 71.29° 100.00° 2
Control 0.25° 0.50" 1.00° 250" 9.50" 3

mInf 2 wesidudnismerestatniflenaseuiuansaiaasian 1nedd feeding test HNN5

NARBUVEANANANATEEZIAT 11BN

SnsnImeTiuriase ( % real mortality ) FEAUNTSIN
ANTENANLLAT 81957 7 5
BUH. | 12 %4, 19U 33 7 3
NRRNAN
(@9l 4 &a)
Faadned 1 5.50° 700 | 900" | 4488 | 100.00° 3
Faatinaft 2 2.00° 250" | 250" | 3572° | 100.00° 3
Faadnefi 3 15.50" 17.50° 1850° | 62.21° | 100.00° 2
Faadnadi 4 9.00° 11006 | 1150° | 59.19° | 100.00° 2
Faatineft 5 3.00° 3500 | 4007 | 51557 | 100.00° 3
Control 0.00° 0.00° 0.00° 2.00° 450 3
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19l 3 wesidudniaanaasslacniflenaaauiuasaiaasian 1agAs contact test HANS

NANDUIUA
§n9NNIALTUTa3e ( % real mortality ) FEAUNTSAN
AIARARAT awnafi 14
6 %.4. 12 2.4, 194 33U 7 34 14 944
NANDLYINA
Fpgnaft 1 12.28% 14.08° 0474 | 3950 | 4476 | 100.00° 2
Fanginad 2 776" 11.56° 1465 | 3487 | 4420° | 100.00° 2
fptneft 3 10.78" 14.08° 16.16° | 35917 | 4420 | 100.00° 2
Fpeinet 4 13.77° 18.58" 2170" | 4204 | 4585 | 100.00° 2
fntined 5 526" 6.03" 756" 3436 | 4198 100.00° 3
Control 0.25° 0.50" 1.00° 250" 9.50" 32.50° 3

TN 4 wesiEudnisangeaslaoniflanaaeuduasanaasan 1agas  contact test 1WANS

NARBUVEANANANATEEZIAT 11BN

SnsnImeTiuTiase (% real mortality ) TEAUNTSIN
ANTANANLLAN 8157 14 54
AN, | 12 %4, 1% 3 U 7 3 14 34
NRRNAN
(7iel4 4 danoh)
Fagned 1 250" 3.00° 400%™ | 2091 | 3876° | 100.00° 3
Faatinaft 2 0.50° 0.50° 050" | 16.33° | 37.18° | 100.00° 3
Fagnefi 3 7.00° 8.50° 9.00° | 2057 | 3872° | 100.00° 3
foednefi 4 | 400" 5.00” 550° | 28.06° | 40.31° | 100.00° 3
Faatinedi 5 1.00° 1.50° 150" | 2450° | 3404 | 100.00° 3
Control 0.00° 0.00° 0.00° 2.00° 450° 28.50° 3
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Fu 5 faeene IneAT feeding test THANBMMEN 1 TIARBLYIWT

100.00 +

80.00
a1

60.00 =2
73

40.00 4
+5

control
0.00 T T T T T 1

6h 12h 1d 3d 7d

gl 2 uWBsuifeuiesiEudnisenefiudiassesann HenarauiUaTaiAeINELIAT

91499 5 fieting TeeAd feeding test TuANHRALNNTMARBUGVEANANS 1 HaY

100.00
80.00
a1
60.00 A2
e 3
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