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UNUITWIDNT

fianuwhiiaulavinananniimuidsedna  International Rice Research  Institute
(RR) YsznaWaUdud Teo a3 F.J. Zapata @ansiumuwniwiziagaiiode (Tissue cultured
faciity) (wisdioRud THE NATION, 1992) ldunasin snansadgndriamaasillsla-
wanay (Protoplasts W38 Naked rice cells) aunszviadududn Tassuisavinléudnge
Wif Indica %o IR 58, IR 43 uaz Wag-wag (WufvesdssnaiaUdu®) annmeniaiiaziin
Augrudmsuingn  (Gene)  wianuseudidudslomisdn I lwsasldslananarivosdn
lassmasieldvesinddofisniu  IRRI axvihdetheBufitelifenuduiuiszningdunid
Asgusnedslulenaudududn Suwezdunaliwduinauisoaddiulasnan wTNaU{ Gy
Wuraraaua st lueweaduatnann.  lugusiidsamalnaduwd mmaiingadnu s
U waznMIUgndpnEuAVIiFiavosnsaInnwIuiuiuld  enutanimadnms
FuRINiNdaeEs udTuuuiiminield? TeslaT? uazednsly? astiiaslaleinln
'm;‘iﬁn";a‘i’maaﬂaﬁmmﬁwﬁaé‘humnua:é’wuamfamu’ié’uﬂsnnwﬁ Po lewdsonadurinuesin
\unudeseerss  Favindlnaannsdfiiaess  wSaiwneluwladf b aufuninsas
TIWL 3D athe‘l‘sﬁmumﬂiuiaﬁuuuﬁtﬁuﬂi:@tﬂmjmﬁwflu‘lﬂ‘lﬁﬁa:uw5nu°1$am'sﬁwa'mmaa
naArluonae  desduiumafinidseudmivnwdsgndiiduiudowvinluouwaa. a3
MTFINUEIUR?  Trwssnguinidelutsmaisrinuenvssdludndululomalulsd
(Biotechnology) sinvziiluginanasunmisduil. Siliinendwsuds anamadidedls
AUSNBATANFEAT o1 Iuav Arls, ATaIn, was lIaRTIsrinsunasa e wiln laly
Fowanudetndla  Welilasen  sudhwlutlonwanad  doamaRugnuenn WITFNFA T,
Faedl  uszediinen  Annauiifuzuetudn LRguGisoIN TN IRNHULUDEURNL A&
Witk MIvnaualsin e ssninsa i lHnau Tesanzlunianuiinisie
SV TWUUWRGUINaNsRgasaaIa1  NtnenealszaunTIIznINaindsuaniedn leien
uaznalinfisududmsunisnnusznisaadmiaelildde  nrsduanluRtNgHeEN
darflowan Iuszuni laiffiug,  sxdunsersaudnavinaniies Sansnuiwle.

gavnoitlasueveunizqm ey uis ueuudds Aldnymnarwilunumaies
AdRNAIUI I RNl SndsznisnibsleiinnuSouuassarenada s duaungnan
BUUND SUAL AU ULRLTE uax"lﬂimammawmﬁ:ﬁyﬂﬂa wionhwIuilasunsans Tusa
sednanndndandnidunszamds.

USIUWIBNS

THE NATION. (19992). Rice research base renews French link. Tuesday April 21, 1992. Technology
BS.
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NSANEILEINGNTBIRBARLIZHWNWN XY LOTRECHUS
QUADRIPES CHEVROLAT (COLEOPTERA : CERAMBYCIDAE)
Tunainitavasszine bng

L. gﬂ's"'\aﬁnﬂmzuazi‘a"‘mmmamma
Wi Sampwiies |

ECOLOGICAL STUDY ON THE COFFEE STEM BORER
XYLOTRECHUS QUADRIPES CHEVROLAT (COLEOPTERA
CERAMBYCIDAE) IN NORTHERN THAILAND
I. DESCRIPTION OF STAGE AND BIOLOGY

Jariya Visitpanich !

ABSTRACT - The ecology of coffee stem borer, Xylotrechus quadripes Chevrolat (Coleoptera :
Cerambycidae) was studied in the laboratory (29-31C) and under the tield conditions in 1990-
1991, The iesuil of description of stage and biology in the laboratory revealed that a female long

norn beetle produced  7-238 eggs with the average of 102 during its fife time. The  incubalion

penod of the egg was aboul 5 days on average, Precisc

the larvae indicated that there were six instars. The mean of deviopemental perod from larva to

aduit which ted in coffee stick was about /7 days whie the
extended to 168 days Life

measuement of the head capsules of

larva ted in living plant  was
expectancy of male stem borer was countod  as 24 days, inconirast,
was stayed about 5 days longer. Under natural  condiions, the:

ratio of existing between
male and temale was 12 However slightly difference ot the ralio was observed n the laboratory
and it was 112 A record of living perod of the female which fed in coffee stick from egg untilt

its death was confirmedly averaged to about 91 days

NI, MO e, TR R ] Vi i 50002,

Department of Entomelogy, Faculty ot Agricuiture, Chiang Mai Universiy, Chiang Mai 50002,
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The survey of natural enemies of stem borer pointed out that there were 3 species of the
Hymenopterous parasites from the families of Aulacidae, Stephanidae and Ichneumonidae.
Among the observed parasites, Pristaulacus sp. which belonged to family Aulacidae gave a high
potential as the natural enemies of stem borer. Therefore, such species should receive further in-
vestigation for utilization as augmentative biological control agent.

undiagio : TR B INIRIAIND VB IRUBULT 1IN LN Xylotrechus quadripes  Chevrolat
(Coleoptera : Cerambycidae) lémesasluwesfidnis (29-31C) uazsnunmuwludwiadoslwided 2533
2534 ma IRy ISmaen e tudu louas S inen luden fidn e denuleeealeBadududy Soues
wuowaedunun 19lalddue 7-238 Wes s 103 Wewied apeathends worlieds 5 ™ 9ms
Feeunhevosiinaelvan  (Head capsule) mawmummrmmm%:u@ﬂm walyngdt  wueniininadn
@Wulodomie 6 wovdof sesnaedudylousmuenluwiewuwnstaduddiodomeds 77 M Iu
muﬂwuau%wvﬁu‘lm’fumuwﬂnﬂaﬂan'lun?maﬂmnmamumﬁn 153 umeﬂlﬁﬁmtﬁuxlm’luaﬂ‘lwmmﬁ
Yaraimvesnadsioiwends  1:2 s#'mmu,uaaﬂLam‘luﬁmﬂﬁﬂ'&maﬂé’mmﬁumwwﬂmmﬁaﬂn 1:1.3  FauTzeenI
Wiy Towessadlofidosuuriaun luwﬁmm"lmwauammmaﬂ 91 .

NI TIEa sUhnmwsussass @ luwasanmuwWludoniodedlw  wuihdueu
Wow 3 afle  aglund  Aulacidae, Stephamdae uat Ichneumonidae  lagiaWizag efsuawdon
Pristaulacus sp. \w3é Aulacidae wu’Luﬂ‘;‘mc\mmwﬂ@ﬁu oz duuandoufildnen gy flazanan
W lFauauySnmussuewanzdun i X. quadrlpes “oiie'ly.

AU

myrsevenuasivle  iwlymddyeinmitsivnlfnmdanunlaldnarin
fimy TesawzuussidlUfiunelusdu 1ou nuwowanzdunun ninfiasnsuiniues
aviae  fdsingindunumiBomesszaadudiuwouinnudns  insensfisudgnniues
funzinvemuanuing dossesezianmin 2-3 T ninerldifiunenta uefinngnuuen
LEEGEUINAN LWL AR ﬁﬁiﬁ%uﬂﬁﬁﬁa’taﬁa:ﬂ@nﬁmﬁﬂﬁ@ia‘lﬂ.

WHOWLIRAUNWH  Xylotrechus quadripes  Chev.ifialagidulasunteviaiu
dududt (udanuaeens wwnadnegluasd Cerambycidae $udy Coleoptera uuasrfiail
Lﬂuﬁmgﬁwﬁmﬁﬁﬂﬂ'awta‘zm’mu,ﬁﬁumuwmnﬁqﬂiuﬁuﬁﬂgnmuwmﬂv’l’maaﬂmﬂﬁﬁmﬁﬂ
uacdssineflgnnunuauaiBee: Susenidisdld (Le Pelley, 1973) wuawdvinananunles
fanwiteluTimsndu Tanawzuamlaudu fwiununiifiogannnin 4-5 D9uly e
wuMIhawsemuauaseadu  Sinwworganninsnfaznunumadriansvewaasldzn:
wiky udfefuduaelufign  Jessenmavhavomuendunaldanienniusous Taudu
wonazfanwilelanasluiForg  sufimnunansdn oz atuiazteyadausiuanamef
weld i lidunusgasemslumdes gy Amueuatunelusdwduuuirniteus
diu e lRdunwwdinduldine (answaie, 2532).
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ANSAENENIIAINNUBIRUO WL ZFUN A

ALEIREINN ARSI RGUN WA X, quadripes Pvnaenuwedm (Coffea
arabica L) wWuindienuionizdoue 10-30% Iududidmiedoslnl (nuasdu, 2527)
WSt SAVINNnY (2533) TwemnldnunsewandunuNTzIeBNae Aty I3
Ugnnuwerndilumemite uselull 2533 WILRIY UazAme (2533) Twawinling
JrunevemuewIzdunune i finde  dwlamasysol  Faduldimuewaisauniun
ﬁﬁwﬁﬁmwéﬁﬁmua:wnnﬂi‘s:mmﬁuﬁuﬁn%wmwﬁnﬁunn’ﬂ

Wasnnuowaneduwnun X, quadripes Lﬂué’fcﬂg?‘iﬁmwéwﬁ@ua:ﬁﬁaﬁu
Tyw n'aﬂ'a1mﬁzmmu.n'o’fv.muﬂa‘swﬁﬁﬁﬁﬁﬁﬁa‘lﬁwawﬁmuﬁuﬁﬂQnmuwﬂmnmﬂumﬂ
wiorestrnedlnevoedl  waslimefienums@nenioatuieingmuewanzauniun
X. quadripes ¥Heit usiaenila ﬁa'ﬁ'v,nﬁﬁnmﬁnﬁﬂm’lumuﬁtﬁmﬁugﬂi"m ANHLAS
Finenvenuasiuanmusasosiuiadudsindn Mo léld dudoyafiugmisznoy
nsRaI I T dostuwindeuussriiailesn iU Ansanee 1y,

qﬂmzﬁua:"‘a’immﬂam

NudspaslsuinmIneseslull 2533-2534 m MeAMAING  AMNBNT
aed  wrInondudedrsl  wazawnWIATINIRANTMAIRRA D NNBKILAY  LREEIW
NI ANBAINTTWINILY  Sneneessia  Finiadnslwilduduiove wassfnandnm
afsilsurminanniafouuss 7 N3 udaznisfivieunuwlTzanm 40-50 view Fsléde
dunuwengunndn 5 U fignuussrianeanudaslgnnunshuins westhuusiveeesnd
15 Tundaz SusuTudamuaneafanzeeninanyew lilunsslansasnas@nauie  18.5
X 275 x 105 imuduas mdpaiuiiiuniusimsseduinsheusrdunmewuasdag
FTINE@ TanzeanunanduwnewlisnIudss Suawdsat drmuesnAiuuiwlunge
waa@nidio sududnaniugiu - Ssdansugneanannaoadnldifadlundeswana@n naoslw
fiflawedty Tesldwamsesse 1 ¢ dwivemnfildidouuss fo thenafow uazin.

@
o

Fransuasildlunnsfnsnnisanell wednssy u,a:mq‘ﬁwamuaamqﬁﬁﬁawm
65 ¢ (fingwww 2533 13 ¢, nIngraw 2533 36 ¢, uasFavnaw 2533 16 ).

w3snviawnundwIuldduiioansla 1@u’Liﬁumuﬂmmm§méf’umquﬂnmam§ﬂ
dezanm 1.3 awdwes  danuaslusenldnueldfianusnanlanduisamads 25
udes WudoiFonwisdanals 1uds BuenTanduduinautiodsng Bavedenye
wile aeasdiReliduiinldsonstbazdmivngla (Ovipositor) Hwwinafonwuas
Radfonviewnun Finlddunangalyléine Tuanwsrmmn@udy dudipaznsldanysesuen
yauFontindeld  Lichens &adumsznfiszvinisasiasiviwulalddfenldwiold
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Lichens ¢ dafudsdosldifonvhaiulapseuviewnun iweliduiinldlde oz ndlsenss
lnalaldinedn - asslewreunusiudnnszasfivyyuiwenineg  1feldviouniunas
awan  uaedslddmiuduanasinldidmwaenldondsnin  inmaaewriewnunlwinn
W UASANHINOANTINGNG) VDWNANTU NMIHFNAUT AINTTNEY Ty TEvRMRIFNGY
W usriruwevesdudady vieunwwAdlatanaaly setufinuiinaldvewunudsss
Tuudszdu  Hasnumefidhmweemduiisnsldeahsnaniisadaliduniis ddeusiv
fufenld  Jadunrsenfiasdelaudasweseananviewnwn  ndsanudwanlaudunz
\Fonwafiiuvieununeentewuidsonnidennuneenuneg  Teglidengalaudazngufing
dauwUSontin niutiusuunszensnIedlu Petri dish iRanTaviudwIunuouiiin
nlaluadaziu  iedaviewnusuazduwnunimIuEsmuenlapiviounuwafivwedudn
guinanuaiolizanm 1.3 wuwAwes 8 25 mudwes 19demad (Cutter) winiiluies
dug asailfontszainm 10 d83 @menuveiowN W s LTavueuany 1 Tu sen
N Petri dish Tagldyiuguinenineg idewuewlaviownundoss: 1 & aniuld
nezewfivyiuseulaufy udavinireugn ntwivldndomanadnnaosss 20 viewlsln
Wios Aiflgunnfiadeyszanm 29-31 °C nng 5 W dvieunwrirnaTRiuIwIuew
uazdavueauninavesiansslvan  (Head capsule)  fparlénTuiwuouiimmanaiy
Wulefisze:  Sevuiannunisenaenvesidmuen yhmsvieununa Ssgavihale
whaniiony 90 Hu veunwwiiwdolunseswaa@niulFaunssimuoweipduladududu

o

B aedufinzezmaaiyduleinwuenaunzviseeniududuie  dmdununaadnsy
iRssnueufivinafidnfuiuviownuw Tasindununiidgnlunszansfidurheudnatsddu
Wiy 1.7 iudwas snundwiudeavinuiwiunuenfierldludunundus: 20 & an
ﬁuﬂaiats‘lf'i’wnszﬁwuawa“smtﬂuﬁmﬁuiu fufinszaznnaigdvle engdn usziaruna

Vo IRAAN .
FHTANNG :

N3RnENIzEzdnLdv0 UM ANZIUNMANATIH  IdhuasanmIrdunuwATn
IMNFIWNWALIIDY wazuiinaen Twmdaungenau uazlinuipw 2534 Fafutsmwunuen
Turzpzaipdvladuiifoinsoudmazdrdnuddudmwanan  wuouluscasilesisnwmed
funaléin flo dwradmasuas dawiuasinesdareudaiey Adaniesda veiiely
wdoulwy ulfezgniuniu  Ssereesdunmuentzuzilindusesfosoaddnud (Prepupa)
MnusnruewaRldnsenana@nuuiedn neese: 1 @ Lﬂwqwn‘szﬁaaanﬂﬁmﬂu
Anud  uazandnuaRonaIUIUNTERadududuie wntufinzezmaaiudvla wasiaruna
UDIAN.. 4.
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A o

WNANIINAKBILAZIITITH
zﬂ%ﬂaé’nﬁmxﬂaauumu@iazsxﬂznfmﬁl‘%tytﬁﬂﬂ
o & o
aAnaNw

Fudarsailuensmuaney (Long hon beetle) wiawinioiSoufisuivdmuae
gmrfiedwlinsddentu sdasoudnenauiey TEdn TuuasBsaRmniofwiogouunsin
vasen W uazfies Wuazvudeliadn 1hnfina (Mandble) fuduss anyfewsnasnaig
vos dmun (Dorsal) funufenlng 1 wou wafisadidn o agdudns (Latera) duaz 1
0 Onfmemsawzdfisansolfiensfieveuussld  TesfuouimwIeniowouating
a2 4 unu (il 1A) dwvies (Ventral) fauszdpefvviambossewdunizanuiian
on uasUdosvoudnzUfes aniifuasdunios 1gii 1 uae 2 eeyBaiunnnninngh 3

MILBNLAAGB LT AN IS NBUEN lddoudneenn iwmziuuasiivuiagling
funvazlivanensiueens 2 e uwuasiedudulaluanwsssund  dudialivwiaandn
pn (@8p + SD) 13.08 + 1.96 fisdwas sdantuads 3.13+ 064 Hsdwas inula
pNARdY 574+ 0.84 Nadluas ﬁ'asg"‘ﬁmmﬂmmmwaaéwﬁamﬁﬂ 10.9111.82 uazliany
Maads 275 1 0.45 faAwaT Twwiaadoen 537 + 1.11 Hsdwes llawSoudioy
IUNAANNENVBIFEIRURMIN HaUTINgINTRIevesEdien il 2 invesmule Taply
dfaziivwadnnidadandnios  udluunefifionuuussfidgadviawednning 8
M IANBMTUENNALLaIR T IEN TR NAdNMM RN TDWNAY ATIEIUIDY Femur
1030 i 3 (Hind femora) ludafesl Femur wpsrwsgfl 3 srnddmdanein Tu
e Fnsiufinaziundn wiondayntusmvesaedn (nwil 1B.) shuuussfivinanideddu
viau‘lmuﬁaaﬂﬁﬁ@msﬁmmﬂﬁus‘mndmuaaﬁxmzaanmmnﬁaumuﬂmmﬂimyiunmﬁm
wuae Aoflawavesdarfey 7.75 +1.14 Tafw@s N9y 1.90 +0.37 TaduaT IWIAeY
Fufioe 9.15 +1.5 TaAwAT N9 2.18 +0.45 TaawaT Tiionanimnisuuasfiies
ywviowlifomniiuite  wsnzvewlifivnanioluiadn  Fsenassdildlduuasiiaune
Wnasnusasiadgdulesudununeguinndt 5 1 lusnwmsysued.
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NI 7(3): 228-241 (2534)
“ai :

1avesnuanianzdununiizuhaiufladeudrenaien Teefivanadunitanay
T Sndhmdoounen (mwd 2A) lafignandlwlg v wWlenlaSudewiudu e
Indazfnesfowdudndosdouniodady 1wienldtwiuires feedviena defesaues
N3 (mandible) vaIRUDULIINDoaTIE T MDY nuanaziadfon e duniwenieon
i lafivwieniraads 0.46+ 0.05 fadluaT 817 1.28 + 0.11 Jadluas.

wuau :

wuenfidnanlalmlg  Fedulad@iians  nmsdeanuninssesiongzInanves
WHeuEAMA 1-90 u tingin wueniimaagdulavionue 6 axdaeii (13197
1) wwousensfi 1 Hwwednun awieden 1.27 +0.23 Jadway ning 0.38 + 0.05
fafles leswmdpfaunavesiinielvaniade 0.34: 0.054 NadwaT wuewiezsi 6 Fudu
ez udvladuifsd@mntos Wiflwadndinana wwievesiinInan wie 2.475
+0.39 fdwas (nwil 3) Snuudusdifienady onddowmnunsing ddudain
Udes fiTosdndaiauuazlaifinn fauwredwnn 13.87: 462 Tafes (Mwil 2B).

Table 1. Head capsule measurments of X. quadripes larvae collected from cofee

stick in the laboratory.

No. Mean width Range

Instar measured (mm) + SD (mm)
I 47 0.341 +0.054 0.23 - 0.45
il 36 0.594 +0.088 0.48 - 0.80
[ 23 0.952 +0.058 0.85 - 1.03
v 35 1.296 +0.094 1.11 - 1.45
\Y, 53 1.721 +0.134 1.50 - 1.93

Vi 37 2.475 +0.392 2.00 - 3.41
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T H L e TR W L T
(T R RA7 T

FrUETAaSy  Tlszendddnig L TWHRINLAZ I TALIRAETLANONIE  §AWND IV UL
waawlwalddogniunow  Tagazwuadnn et gepzlndandudndndy  dndaaziima
du o UnEIwERTRaNslde danvoinTn wihenady  dosievesiueiasdio s
Jangailudinens (mMwil 2C) 1weueidnudeny 14.92 +2.46 Taduas Ny 4.09 4

0.7 TasNes.

Figure 1. A, Adult Xylotrechus quadripes Chev., B, vental aspect of apex of

elytra and hind femora (arrow) of female (left) and male (right).



FlIC O MG

Figure 2. A, Eggs of X. quadripes. B, ventral aspect of mature larva; C, ventral

aspect of pupa.
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MSANH RN UBINUOWL I IZAUN LN

bz iauscalRdvesnnanianzanniun
Fudude

TUENNITTNING Tramseenidududnse (Emergence period) U0Inuawanzén

P ' Py 9 P A o -
nunazwuifiouasesd udsswuludanmgs 2 a3 ferasumendalinguion wazlwdon
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Mean number of eggs per female

II IIII_I I_llllllnl l.j..l- o BB L
1st 5th gth 13th 17th 21th 25th 29th 33th 37th

day

Figure 3. Mean rate of oviposition by 65 Xylotrechus quadripes Chev. females

collected in the field over a period of three months. Counting starts with

the first day of laying.
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Journal of AgriéultUte 7(3) : 242-250 (1991)
Tsendpwasniuwasiin (COFFEA ARABICA LINN) URE
n'1s‘nﬂaa‘uﬂmﬂi‘ﬂunﬁmuqﬂﬁﬂ
wwi dnipa’ T dewge,| 55 Tnedow, 2 s Waywons s

WILT DISEASE OF ARABICA COFFEE (COFFEA ARABICA LINN)
AND EVALUATION OF FUNGICIDES TO CONTROL THE DISEASE

Chatree Sittigul,’ Vicha Sardsud,’ Nithi Thaisantad *

and Paicharapan Choomsri’

of Arabica coffee (Coffea arabica Linn.) was sludied in 1988 to

ABSTRACT A will disease
determine the prevalence and its causal agent In a colfee orchard at Samoeng, Chiang Mai. A

total of 2500 coffee planis was observed tor the symptoms ol the disease. Counting revealed the

Ay Ny

ncidence of diseased plants ot 808 plants or 3232 % lsolaton ot dise

ased samples indice
the:  organisme  involved  were  Fusarium  solani, F. decemcellulare  and F. semitectum  Most of
diseased plants nvariably had tne  typical symptoms of atta k by the stem barer (Xylotrechus
quadripes, Cerambycidae) &t lower part of stem It also remaing obscure  whether the borer s
deell responable  for the Intoduction  of the fungus into the damaged tissue, or whether the
fungus is spread by all or waler splash 8Six  lungicides  were screened in this  study  for the
effectiveness in controlling the disease in the laboralory and held conditions. Some  chemicals like
Pronto-40  Benlate and Baccin were gave the good results in the laboratory but all were not
effective In the field. Artificial inoculation done in the laboratory could not reproduce the symptoms

as observed in natural conditions

R AR 10 N VEARRYS (T M (S M VA AR A O CHA foalwd einalnn 5000z,

' Department of Plant Pathelogy, Facully ot Agnculte, Chuang Mat University, Chiang Mai 50002,
I'hailand.

Liradiv Rl R R A TR A RURE: L"m‘.‘n AW TTVRGL T 00, T s el 50002,

i b
Hightand Caffee Research and Developmaent Center, Faculty of Agriculture, Chiang Mai Univer
sity, Chiang Mai 50002, Thailand.
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Undage : manyn LsaAenvesnuWe DN (Coffea arabica Linn.) ﬁuﬂmﬂannmﬂmmmwsmﬂ
punesdl Yowdaudodlwi Wl we 2531 wenyimaundsene uasasaawdesr \mmm‘hﬁ wWu lwnuw
FIUIU 2,500 i nunfusesennslsadien 808 diu wiedAalufensr 3232 mmm%ammwmnmﬂmu
Tsawudley Fusarium solani, F. decemcellulare Wsx F. semitectum uan*a1nuumwmﬁﬁuﬂmﬂqmmﬂsﬂ
Wendawlwaiflvueua zedu (X ylotrechus quadripes, Cerambycidae) Wrvhanesaadnon s@nsnadeilila
Ny mu,m‘f@ﬂwuamﬁnyme’fmﬂummmmLﬁlsﬁamw \ammwauumﬁwsa‘hj W%@L§ﬂ‘S’IS’WLQJ'M’IQWUW’IILENI@H&N
Wisiwewnn  sumnvesevan e e 6 ﬁfﬂ@iwmﬂa TJams waslnamwossun@iu  weUaingind
& 11mﬂmwﬂ@1ﬂeﬁw1uﬁmﬁaumms mu"luamwwm‘mmmuummﬂwnﬁﬂ@‘luﬂﬂr@w%mw’l.umw auenlin
uaznsneseumaLgndemdunuwWluion gianms wirin isnser Tl n le Wdewlunrsuend,

A

nIndan eIl (Coffea arabica Linn)  Tudagdudelaifisswadueinu
dosmadmiuiguslnaludsng  deluddinadasdilflineugnifisannduy  TesawizlR
Lﬁuﬁamﬂu,‘nu"é‘lwmam‘lmn“wﬂmwﬂmﬁa nsdgnnundesdssuiudynimaeuszny
onfian 190 unss WuinuW wazmaaensiw (udu (Yodmanee, 1988) (IadlInves
nuntuiudgnwitefiddy  Tsefinudedwdulzdiununlovn Tenneta usslused
W usnfleliuuinil eiged (2530) wulsaifienszunasioudnaguss inlddunuwi
Iinsrdeusufivuduszany  lsunsnfunandaldios dsiunnsfinsedilisiommny
fadomunaivinldifnlndes  ussneseuswaiidafousriafelflunseunulse.

qﬂnm‘t LRZIBNIINARDI

ﬂ’]i’d’ﬁ’]ﬁﬁﬁﬂ u,azu,ﬂm%ammq

v‘i’mnﬁéﬁ‘nﬂsmﬁm'mmmum‘nﬁﬁw’l,uuﬂaaﬂﬁnmaamwm‘:ﬁ DWNOALITY FINIG
Wodlnl szniradeunumius-fiutey we. 2531 nuWluwudsimesesegdszim 3-4 1
Tufinernsveslsn  wazdnwiudufivaasenms  anduwivdognsfafidulsaRousnide
awauedlinludosd§idns  msuendeldewmnfisduned  Potato  dextrose  agar
(PDA) Li’ja‘lﬁ"t,%au‘iqw‘ﬁuﬁa dadotnsreadoudas Isolate 113 Plant Protection Service
Uszinawsefuaud  ReduunrfinvesFafivan’e.
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UseanBAwvasgsad

mManasadlu sl fienis

1Hgnefl 6 ¥haleun Benlate, Pronto-40, Topsin-M, Terraclor, Baccin uaz
Captan faelildfiUSunmanseangns 225.0, 750.0, 437.0, 810.0, 0.236 uaz 937.5
fanluduaan  (ppm) awuaay ﬂ‘%mmmaaamﬂﬁmﬁ?ﬁﬁmmvﬁu%’u’tué’mwnmaﬁszq“li
Tuaan daaeiiis 6 shalunauiuenwns PDA andulin Agar dish au1a 5 NaL.aN
IuNIzL AT Ao fisenandununWditiedfie Fusarium solani usz  F.
decemcellulare 113ty lU1IUUANINA VDI UAT \ivauenmaviinue L 3figangl
Un@lwipslfsinig  uiadusauuievendurngudnaises Colony maaﬁawﬁamsﬂqnﬁm
3 U minesaditldenns PDA  Aldldwsmaneiidu  Control  treatment  ueiae
Treatment ¥ 10 &,

msnaseuasailluulsslgnniun

Lﬁmmnismﬁmluuﬂaaﬁn"umwiizmﬂﬁauﬁﬁaquma Fikuifafonaaed 4
e Reneseuiuiindinnsdmalin  anedfildveseuléun  Benlate, Pronto-40,
Terraclor waz Baccin 14lusnsn 0.6, 2.25, 1.5 uaz 2.25 niudewndu 500 wa. W
f6y USunmdnamihdusesn 2 wiwmé’quaqwﬁﬁwﬁwm‘smﬁu,u:'ilw fnTuszauaIu
THUTI WIB Main treatment Fwdenld 3 sxdude 1, 2 waz 3 & Sub-treatment léun
Al 4 Thae uaz’lﬁ"fﬁﬁnﬁmﬁuﬁamuqu (Control) ¥n 8 @1 JaNdwIuRTilinesey
120 % nIneseurhlesinansafuaatiaNamningn 500 wa. wdwnlUmuTiounai
Toudununidulse  rewnmanaailldfiayauivmunariowne I aaifuiausiouwxa 16
Fu meldarneflunsnasesiild 3 af wdazedwinatu 14 Su Suldsnededuinde
Juit 10 fiunen 2531,

msﬂgmianuﬁumuwﬂnﬁ

Tinuwendignlunszonsmadudgudnats 24 ou. 2 Aug 1dun Red
Catuai No. 15 21 2 T 6 \fiew uaz Catuai Vermelho 8% 2 Tedldil 4 whe 3w
ranguesuay leun 1) F. decemcellulare wpnanéaagnafiuaaseInts canker 2)  F.

decemcellulare WONINNUHE canker (WD IBEADa 3) Unknown white sterile mycelium wein
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NMUHA canker Anwmzidulofuiadea 4) F. oxysporum uaz 5) NANAILAN (AN TTu
u PDA).

routgniBessumdunun viunauudu 2 dnwmsdsii 1) nIesdufieginiionn
Urzanme 5 ou uex 2) @owdSeonvesdununfioginiiofulizinm 5 @ g3 1.5 T,
wienfideniidnsdeetiuddu nmanesesitin 2 dh Iddunwnimue 40 dw nasenrh
unauideTwiuAnTe uarliifide (Contro) wwiedszinm 1 x 1 ow. nsumunaivinly
nniuldEFrUinduRuIaLIse uazddu udldwanadnlauriuyndamden andusedin

-~ v v ¥

[ o o oo o Y P - ¥ a W o o
AUNWN ua:mumnaqmm‘ﬁu’tumaﬂwﬂa sl dudaendaninawan U ludd

vl

WRNTINaRN

AIEITI9lIA  uazusnFeR e

s ludssdgnnud  wodununiiduliausessnsmeens 3 wuy
1ouri 1) uWa canker 2) WWAEHIANA iTenoaunaduaginitoffulszanm 5 . uae
3) uwaﬁﬁﬂmauuéﬁﬁuag}wﬁaﬂaé‘mﬂi:mm 5 aa. iioldnelu (Pith) wWaswduding uae
fFawuindununiegluiuilsvesiuling dulsadosnindusignnanuds  wenanviugds
wudUNuH Il suansn e ssveslsnuandnaii  diudedautsrduanuguesiany
onnteanidu 5 xdu dail

326U 0 @ dununWind ldusesemsveslyadien

260U 1 ¢ dwind usesemaRpuintes  vnmlaudulunaidusonren wio
canker

ey 2 ¢ ludwmlwgdadon lufenafien wamwReadndes  URoklandui
uardusonaen w3o canker

26U 3 ¢ lundesdszunm  30-40%  USmlauduiuwaidusovron w3

canker

WOU 4 1 DMNTTULTY Tundowanfiedninnin 50% s lauduiuemin
08000 W38 canker

nnmagudetnelulinuisesnsansdimam 2,500 dw  udud 18
nuAWRE 2531 wuiiidununiiun@livsasermsveslsaiies 1,692 @ (67.68%) dufl
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Wnlseae 581 du (23.24%) uasédufiugasemiveslanfien 227 @w (9.08%) duf
samseMlindies  uasdeliFinegiianunaoutsldenuasduaumuuaeing @il sy 1
U 66 AU ITEU 2 T 77 Gn AU 3 WIU 47 @u Uas ITEU 4 9 mwau 37
W.

3

Werindedsdununfidulsaurinaaseuy  wodndiulngiinuomazddn
(Stem borer) @iToinewnaniin Xylotrechus quadripes (Cerambycidae) dnvinane
Rt et ehma‘naamsﬁgmhi’a‘aﬁ”lﬁfnm'mawmw:ﬁmnﬁnsw’mnwmﬂummwnai&aué
Wuli® Fusarium decemcellulare (Teleomorph,Calonectria  rigidiuscula) INUHATILERS
81M7 canker e F. semitectum uas F. solani MNUNATILEAIDNNTIOLADALEGH LAz
\¥o F. solani annunafaaslmite’dl

UYszARnTATWaaIg15Lal

n1snasadlueslfiding

MYt F. solani Lo IFNATEATNENA edTaene WUnanIinge
Weornfivefiumaaiyrendie F. solani egnsfiszAnEnwm@léun Pronto-40, Baccin uas
Benlate @ wWdéiu & Terraclor, Topsin-M &z Captan #u fitlszamEnwenin 3 wiie
%N Lfiam‘%ﬂmﬁﬂuﬁ1m§mﬁumqu£|nma Colony ¥@a¥e7n nuiysaniawlumiseiu
naaTgre wevesansindivnsriaiianuuandnsiuenefiioddymesdid  daunguaug
Anuandafy Treatment Bueg fieandesiu 99% (ansneil 1)

Table 1. /n vitro growth of Fusarium solani on potato dextrose agar amended

with 6 different kinds of fungicides.

Linear growth (cm)’

Fungicide
3 days 5 days 6 days

Pronto-40 0.80 0.80 0.80
Baccin 0.93 1.21 1.29
Benlate 1.07 1.38 1.56
Topsin-M 1.48 2.06 2.23
Terraclor 1.47 - 1.91 2.27
Captan 1.79 2.01 2.49
Control 3.57 5.55 6.61
' Means of 10 replications.

LSD. (P = 005 = 024

LSD. (P = 001 = 031
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o o 4 o~ oh o
mmm%a F. decemcellulare ¥ Pronto-40 uaz Benlate wilws1siaiinseiums
- o e ok o W % o a i f ] & & o
Lﬂ‘iipﬂlﬂdl‘%ﬂ%ﬂﬂﬁ‘lﬂﬂﬂqﬂ ﬁﬁﬂﬂﬂﬂ‘ﬂﬁﬁuﬂﬂﬂgﬂﬂa TOpSIn—-M amnqumuquum‘mwﬂy
lddfign (en3edi 2.)

Table 2. In vitro growth of Fusarium decemcellulare on potato dextrose agar
amended with 6 different kinds of fungicides.

Linear growth (cm)’

Fungicide
3 days 5 days 7 days 9 days 11 days 13 days

Pronto-40 0.58 0.75 0.93 1.09 1.17 1.31
Benlate 0.87 0.93 1.12 1.35 1.42 1.31
Terraclor 0.55 0.69 0.99 1.29 1.58 1.92
Baccin 0.91 1.12 1.39 1.78 2.09 2.46
Captan 0.97 1.31 1.49 1.91 2.32 2.78
Topsin-M 1.34 2.05 2.62 3.26 364 4.11
Control 1.30 2:51 3.64 4.72 5.65 6.69

Means of 10 replications.
LSD. (P 0.05) 0.38
LSD. (P 0.01) 0.50

nmsnadavasefluwlaslgnniun

MIlERAT 4 hanuiiinTessNaUREdwNwHALEAIoN Tl IAL TN WAUTING
Imdldneiiudssaio  uaznguasuanlisaniomugnlie Wi indunuwldmean
nadulsale ‘né”ami‘lﬁm‘sma‘iﬂ?\vqﬂﬁmuﬁn 258 W amanuinewnuwluueas
Treatment @eludnuwauszwing 17-21 du TwdwIudwnuniiensvisvue 93 du wioda
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Tsaufinapenuwaniii (Coffea arabica Linn.)

Table 3. Number of dead coffee plants observed on different dates after chemi-

cal applications.

Number of dead plants'
Fungicide Total
May 20, 1988 June 21, 1988 December 21, 1988

Pronto-40 6 3 8 17
Benlate 5 4 18
Baccin 5 2 11 18
Terraclor 10 1 8 19
Control 2 11 21
Total 35 13 42 93

' Each treatment consisting of 24 tested coffee plants,
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190 Fusarium bark disease 13A@INEIMLAAGINNTIONADA WAZ canker vawiiw (Baker,
1970).

nIAnEAnwMe Mg UINGoNTe F. solan, F. decemcellulare uwaz F.
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conidia &sdnwzveutens 3 finvilsoandosunanudi Booth (1977) edns'1y.
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Mineral nutrition of ruminant in Thailand

Although high fluctuation was found among reports, it seemed that Na, Ca, P, Cu, Zn and Se
were insufficient to meet the requirement of ruminant animals. The concentration of major minerals
in serum of cattle, buffaloes, and sheep reported by most authors were 9-13 mg Ca, 4-6 mg P,
9-12 mg K, 250-320 mg Na and 1.8-25 mg Mg in 100 m! serum. Some authors concluded that
the concentration of major and trace minerals in serum was in a normal range although grass
samples were low in Ca and P. Peat soil which is the major soil type in the South was low in
Mg, Cu and Zn, while pasture soils of northeastern Thailand were deficient in P, S, K, Cu and
Mo. No correlation between the mineral content in soil and in serum of cattle and buffaloes was
found. Mineral mixtures, commercially supplied in block or powder form, varied widely in their
concentration. Some products were composed of major and trace elements in considerable
amounts, while others were mainly salt.

The supplement of minerals to ruminants, especially in the dry season had positive effects
on weight gain and reproductive performances. However, no effect of the supplement was found
in mineral concentration of blood serum. When different sources of Ca and P were compared, it
was reported that bone meal was superior to DCP in supporting higher weight gain, a better feed
conversion ratio and the mineral retention of lambs.

The research priority suggested by authors was to survey the potential areas of mineral
defficiency or toxicity, mineral availability and the alleviation of mineral deficiency or imbalance
problems.

INTRODUCTION

Ruminant industry in Thaiand has been boosted since the last decade, thus
more attention is paid to the improvement of production efficiency. Mineral nutrition is
one of the interesting aspects, due to its role in animal production. Its imbalance in
feed resources is well accepted as one of the most important limitation to ruminant
production. A certain amount of research work in Thailand was involved with both the
general survey of mineral concentration in cattle and buffalo serum as well as its
supplement to animals. This review intends to present the necessary information for

the benefit of further study within the country as well as for neighbouring countries.
MINERAL NUTRITION STATUS

MINERAL CONTENT IN FORAGES AND FEEDSTUFFS

Holm (1971) published the composition and nutritive value of feedstuffs in
northern Thailand, including the content of calcium (Ca), phosphorus (P), potassium
(K) and sodium (Na). Grass species and season of the year had an influence on the

mineral content of forages. The plants were fertiized and irrigated in the dry season.
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Ca and P content was 10-20% higher in the dry season (Holm, 1973). Panicum
maximum had a high Ca content whie Tripsacum laxum was low in this mineral. On
the other hand Brachiaria mutica and Chloris gayana had a 3-4 times higher Na
content than other species. In' the highland conditions of northern Thailand where
Imparata cylindrica is the most common species, the average mineral content of
native plants was 0.18% (0.09-0.47%) P and 0.10% Na (Faivey, 1980).

A later study in central part of the country bv Tumwasorn (1981) found that
native grass species had a low P (0.13-0.20%) and copper (Cu) content, while
other minerals were just sufficient. Vichulata et al. (1983) measured the mineral
content of forages in the dry and wet seasons and reported that only 25-35% of
the samples were deficient in Na, P and Cu, whie 73, 61, 58 and 77% of the
remaining samples were at borderine to deficient in Ca, P, Cu and znc (Zn)

respectively.

Limpoka et al. (1982) determined the concentration of Ca, P, magnesium (Mg),
manganese (Mn), Cu, Zn, Na and K in native forages in some provinces of the lower
north and northeastern part of Thaiand and found that grasses provided sufficient
minerals for grazing cattle. Pichaicharnarong (1974) reported that the grasses grown
in the Northeastern were deficient in Cu, cobolt (Co), Mn, sulfur (S) and showed a
total lack of iodine (I) and selenium (Se). In a later report, Pichaicharnarong et al.
(1988) concluded that Cu, Zn and Se content of some fresh grasses were 1.94-
6.40, 19.83 and 0.04 ppm respectively, which were lower than the recommended
requirement. In the survey study of Sakpuaram et al. (1986) there was a positive
relationship between mineral content in biood serum of cattle and buffaloes and in
grasses in some northeastern provinces. The levels of mineral concentration in

grasses from different studies are shown in Table 1.

Falvey (1980, 1982) indicated that the forages selected by highland cattle
apparently contained sufficient nitrogen (N) and P for higher liveweight gain than the
average rate and one of the productivity limitation may be the low Na levels. Low
forage Na concentration (0.01%) along with low Na levels in saliva, rumen fluid and

faeces were noted. Overall production increased by 20% when Na was supplemented.
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MINERAL CONTENT IN SERUM OF RUMINANTS

The survey studies on mineral concentration in serum of cattle, buffaloes and
sheep in Thailand are summarized in Table 2 and 3. The concentration of major
elements did not vary much, ie. 9-13 mg Ca, 4-6 mg P, 9-21 mg K, 250-320 mg
Na and 1.8-2.5 mg Mg in 100 ml serum. However, the concentration of Mg in serum
of cattle and buffaloes (5.0-6.0 mg/100 ml serﬁm) reported by Limpoka et al.
(1982) was 2 times higher than the other reports.

Table 1. Concentration of major and minor elements in grasses.

Unit Ca P K Na Mg References
mg% 0.28-0.31 0.22-0.53 = - 22-30 ppm Limpoka
(64) (62) = (61) et al. (1982)
mg/100 g 119.27- 39.69- 0.69- - - Senakas
324.05 87.64 0.96% DM - - et al. (1984b)
%DM 0.16 0.12 - = 017 Senakas
et al. (1984a)
%DM 0.17-1.06 0.32-0.74 0.58-2.28 0.03-0.05 - Holm (1973)
mg% 1713-3107 1.26-1.94 0.19-0.54 = Sakpuaram
et al. (1986)
%DM 0.31 0.20-0.36 0.99-249 0.01-0.0 0.09-0.19 Vijchulata
et al. (1984)
%DM 0.28-0.37 0.07-0.18 1.51-2.53 N 0.16-0.23 Tumwasorn
(1981)
Cu Zn Mn Fe Se
ppm 18.1-48.5 1135-2460  91.3-4125 - - Limpoka
(32) (49) (54) et al. (1982)
ppm 139-196 725-9%6.4 - - Sakpuaram
(163) (163) - et al. (1986)
(mg/kg) 8.56 29.1 - 1140 - Senakas
et al. (1984a)
mg/100 g - - 19.08-19.71 = - Senakas
et al. (1984b)
ppm 1.94-6.40 19.83-50.61 - = 004 Pichaicharnarong
et al. (1988)
mcglg 1.16-5.46 186-31.3 51.7-457 265-342 % Vijchulata
et al. (1984)
ppm 7-10 30-38 186-281 487-866 = Tumwasorn (1981)

« Numbers in brankets are the amount of samples being analysed.
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Table 2. Ca, P, K, Na and Mg concentration in ruminant serum.

Unit Ca P K Na Mg References

CATTLE

mg% 10.2-133 4.8-7.0 17.5-214 252.0-3200 51.7-56.6 ppm Limpoka
(154) (82) (73) (76) (138) et al. (1982

mg% 85-87 56-68 - - 21-22 Vadhanakul
(74) (74) (74) et al. (1984)

mg% 122-15.0 34-53 3.1-186 257-294  184-259 ppm  Sakpuaram
(312) (312) (312) (312) (312) et al. (1986)

mg/dl 9.8 57 - - 23 Senakas

et al. (1984a)
mg/dl 8-10 46-70 - - 21-30 Senakas
et al. (1984c)

mg/dl 10.16 6.71 - - 26 Senakas et al.
(429) (429) (429) (1989%)

BUFFALOES

mg% 10.5-14.7 3.8-6.0 17.4-242 201-338 57.0-626 ppm Limpoka
(87) (49) (49) (45) (83) et al. (1982)

mg% 128-15.1 36-54 16.3-19.0 267-295 224-289 ppm  Sakpuaram
(436) (436) (436) (436) (436) et al. (1986)

SHEEP

mg/d! 10.1-11.2 6.0-8.5 - - 26-32 Senakas et al.
(30) (30) (1984b)

«~ See Table 1.
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Table 3. Cu, Zn, Mn, Fe, and Se concentration in ruminant serum.

Animal Cu Zn Mn Fe Se References
CATTLE
ppm 1.1-1.2 34-52 0.08 = = Limpoka et al.
(149) (148) (144) . (1982)
mcg% 48.1-536 119-124 = 167.5-17.14 v Vidhanakul
(74) (74) (74) et al. (1984)
ppm 0.3-0.5 1.4-24 - - - Sakpuaram
(312) (312) et al. (1986)
mcg/mi 0.52 1.19 - 1.65 - Senakas et al.
(1984a)
ppm 242-369 0.03-0.07 Limpoka et al.
(1986)
ppm 0.7 1.38 0.13 Pichaicharnarong
et al. (1988)
meg/ml 0.16-0.65 1.10-1.95 - 1.23-2456 21.2-424 Senakas et al.
(1989)
BUFFALOES
mcg/ml 0.9-1.1 - - - 0.01-0.07  Pichaicharnarong
et al. (1983)
ppm 0.3-04 1.5-20 Sakpuaram et al.
(436) (436) (1986)
ppm 09-1.2 4.9-54 0.06-0.08 = = Limpoka et al.
(80) (80) (74) (1982)
SHEEP
meg/ml 0.72-0.89 0.95-1.56 - 1.63-1.66 Senakas et al.
(30) (30) (30) (1984b)
mcg/ml 047 1.09 1.36 Senakas et al.
(421) (421) (421) (1989)

« See Tablel.

Among trace elements Cu and Zn were quite interesting (Table 3). Sanakas
et al. (1984a) found that Cu concentration in cattle serum was 0.52 mcg/ml or 0.52
ppm, simiar to Vadhanakul et al. (1984) and Sakpuaram et al. (1986). Whie the
first authors reported that these animals tended to show deficiency signs, i.e. rough

and discoloration of hair due to the low Cu but high Fe in grass samples (8.5 ppm
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Cu and 1084 ppm Fe), the latter authors did not found any deficiency indication in

their cattle.

The survey study in sheep by Senakas et al. (1984b) reported that the
concentration of major and trace minerals in serum was in a normal range although

grass samples were low in Ca and P.

MINERAL CONTENT IN SOIL

A study in the south by Senakas et al. (1984a) reported that peat soi, the
major soil type covered large grazing area in the south, composed of exchangeable
Ca, Mg, Na and K at 1.67, 1.30, 0.38 and 0.25 meq/100 g of soil respectively.
Trace element concentration, Cu and Zn, were 0.31 and 0.99 ppm. They concluded

that this type of soil contained low Mg, Cu and Zn.

Table 4. Concentration of mineral in soil.

Unit Ca P K Mg Na References

mg% 838-127.0 6.3-9.2 - 1125-247.0 ppm - Limpoka et al.
(65) (65) (65) (1982)

mg% 98-175 - 0.003-0.006 220-56.6 ppm 0.38-048 Sakpuarm et al.
(125) (125) (125) (125) (1986)
Cu Zn Mn Se

ppm 1.256-0.95 50-11.3 82.7-59.8 = Limpoka et al.
(65) (65) (65) - (1982)

ppm 0.3-05 3.03-5.83 - = Sakpuaram et al.
(105) (125) (1986)

ppm 20.7 455 = 0.25-0.98 Pichaicharnarong

et al. (1988)

Shelton et al. (1979) studied pasture soil nutrients of northeastern Thailand.
The results from a series of nutrient omission pot trials on acid sandy upland soils
and soil analyses confirmed that 'the soil was deficient in P, S, K, Cu, and
molybdenum (Mo). Limpoka et al. (1982) found no relationship between mineral
content in soil and in serum of cattle and buffaloes. The authors reported that

mineral content of soil in the study area was 84 - 127 mg% Ca, 6.3-9.2 mg% P,
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113-247 ppm Mg, 0.95-1.25 ppm Cu, 5.0-10.3 ppm Zn and 82.7-59.8 ppm Mn

respectively.

COMMERCIAL MINERAL MIXTURES

Mineral mixtures, commercially available as ruminant feed in Thailand are in the
form of either powder or lick block. The powder is recommended to use in
concentrate mixture or directly supplemented to roughages, whie a lick block is
given as a free choice. The products are either produced in the country or imported.
The price is considerably high especially for those imported products. Their

components are vary widely, as shown in Table 5.

The formula of some of these mineral mixtures were calculated according to

the information indicated on the tag (Table 6).

It is noticable that some products composed of major and trace elements in
considerable amount, while in other products the major element is mainly salt. Some
contained high amount of vitamins, while the others have no Ca andfor P. The
amount of minerals obtained from commercial supplement when 10 kg feed dry
matter intake (300 - 400 kg beef cattle with 0.2 - 0.6 kg daily gain) was assumed

is shown in Table 7. The Value were compared to the requirement of animals.
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Table 5. Mineral content of commercial mineral mixture.

Lick Block Powder

Cubeco' A-one' Special T? Supermix3 Supmix® CB-RAL* Ramical®
Amount (%)
Ash 65 - - - - - -
L 12 = - 1675 . 5 13
P 12 = - 10.9 64 = 5
Na 4 38+ 98+ 30~ 10.6 393 -
Cl - - = - = 6.07 =
K - - = - 0.02 0.002 -
Mg 3 045 0.5 0.6 - 0.010 0.05
(ppm)
Mn 1500 210 210 6700 7020 - 500
Zn 1500 280 320 = - 756 1040
Fe 750 1650 1600 7000 7200 620 450
Cu 20 250 300 1400 1900 525 200
Co 15 55 45 60 38 155 12
| 40 125 125 370 730 74.2 16
Se 3 10 12 4 - 5
Vit A (IU/kg) 60,000 - - - 2,250,000 ~ 200,000
Vit D, (IU/kg) 12,000 = . - 450,000 - 40,000
Vit E mglkg 60 - - - 200
Filler,% - - . s >50 >50 -
Mixing direction 500 g 500 g 500 g 5 kg
(per 100 kg feed)
' AIP. Co. Ltd. 2 gpecial T Feeds Ltd. (Kana Co. Ltd)
3 Advance Pharma Co. Ltd. 4 Wellab International Co. Ltd.
5 Ramical Siam Industry, Co. Ltd. *  Salt

Table 6. Calculated mineral sources contained in mineral mixture.

Supermix DLD' Cubeco

(powder) (block) (block)
(g/100 @)
DCP 55.3 17 64.7
NaCl (%) 31.5 70 10.3
MgSO,.7H,0 6.1 0.004  MgO 5.6
S - 2 -
(mg/100 g)
MnSO,H,0 2060 250 MnO 288.5
Zn0O — 350 326.1
FeSO,.7H,0 3480  Fe0, 600 FeSO,7HO 375.0
CuSO,5H,0 550 . 400 8.0
CoCl,6H,0 24 40 7.1
Ki 480 3 5.8
NaSe - 2 0.7
Filler (g) 05 Cement 10 -

1

Promma et al. (1988), Department of livestock development.
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Table 7. Minerals required by beef cattle and the amount supplied by commercial

mineral mixtures.

Lick block® Powder*

Req? Cubeco  A-one Special T Supermix Supmix CB-RAL Ramical
(g/day)
Ca'  14-22 6 - - 788 - 25 65
P! 12-17 6 - - 545 3.2 - 25
Na 6-10 3 7.2« 186+ 57 53 2.0 -
K 50-70 - - - - 001  0.001 -
Mg 5-25 1.5 0.22 0.25 0.3 - 0.005 0.25
S 8-15 - - - - - - -
(mg/day)
Mn 200-500 75 10.5 10.5 335 351 - 250
Zn 200-400 75 14 16 - - 378 520
Fe 500-1000 375 825 80 350 360 31 225
Cu 40-100 1 12.5 15 70 95 26.25 100
Co 0.7-11 075 2.75 2.25 3 1.9 7.75 6
I 2-20 2 6.25 6.25 18.5 36.5 3.71 8
Se 0.5-3 015 05 0.6 0.2 - - 2.5

' Ca and P required by 300-400 kg BW growing and finishing cattle (medium frame steer
calves) with 0.2-06 kg daily gain (NRC, 1984).
‘Requirement of beef cattle suggested by NRC (1984).
Assumed quantity of the block being licked is 50 g/d.
500 g or 5 kg mineral mixture was suggested for 100 kg feed (see Table 2).
Estimated feed consumption for 300-400 kg cattle is 10 kg dry matter.
* Salt contains 38% Na.

STUDY ON MINERAL SUPPLEMENT

Falvey (1980) studied the supplementation of Na and P under Thai highland
conditions. In the experiment lasting 39 months 2 groups of native cattle, each of
nine heads, grazed on a native range. The first group was drenched with an aqueous
solution of sodium dihydrogen orthophosphate at 30 g/h/d, while the other group did
not get any supplement. Liveweight gain of cattle in the treated group was
significantly higher (P < 0.05) and they produced more calves (P < 0.01) with lower
mortality rate (15.8 vs 41.7% P < 0.05) than the control. The author concluded
that this response can probably be attributed to the Na rather than the P
component of the supplement and Na was an important deficiency in the diet of

cattle grazed in native highland pasture in Thailand.
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The mineral supplement in central Thailand clearly showed the improved weight
gain and conception rate (Tumwasorn et al, 1980). In a 180-day study during the
wet season, the unsupplemented cattle gained 176 g/d, whie the supplemented
group gained 230 g/d with increased conception rate of 21% (64 vs 43%). In a
later study, Tumwasorn (1981) had given mineral mixture as a free choice to 43
heads of native cattle and 1/4 Brahman crossbred calves compared with the 77
heads of the non supplemented group. The effect of season (wet, dry and the
extra period of supplement) on liveweight change and blood parameters were
investigated. The dry-season supplement had the highest percentage of
improvement, while the wet-period treatment revealed the lowest responses. The
range of improvement varied considerably from 14-23% in the native and 21-31% in
the crossbred cattle respectively. Blood parameters in both groups were not
significantly different, but low level of Ca and P in plasma were found. The

supplemented cows had a 17% higher conception rate than the unsupplemented

group.

On the other hand Vijchulata et al. (1984), Senakas et al. (1984a) and
Senakas et al. (1989b) found that mineral supplement had no effect on daily weight
gain. In a 180-day grazing trial, predominantly on para grass (Brachiaria mutica)
pasture by Vijchulata et al. (1984), 36 Charolais x Native crossbred cattle were
divided into 3 groups, no supplement or supplemented with either bone meal + salt (2
:1) or a complete mineral premix. No significant difference on daily weight gain
(approximately 340 g/day) was found among groups. Most of the minerals being
analysed in plasma, liver and rib bones of slaughtered animals were in adequate
concentration and were not affected by the supplements. Senakas et al. (1984a)
studied the effect of mineral supplement on cattle grazing natural pasture in a peat
swamp area. The supplemented group (n = 10) consumed mineral at an average of
85 g/h/d. However, dietary mineral did not affect the level of Ca, P, Mg, Cu, Zn, and

Fe concentration in blood serum compared to the unsupplemented control.

The effect of mineral supplement on blood parameters of cattle grazing native
pasture during the dry season had been determined by Senakas et al. (1989b). No
significant difference in mineral concentration in blood serum was found between the
supplemented and non-supplemented group. Both groups lost weight to the same

extent (-32.29 vs -34.14 kg) . The ratio of blood urea nitrogen to serum creatinine
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decreased progressively during the experiment, indicating a severe deficiency of

energy and protein in the experimental diet.

The availabiity of Ca and P from dicalcium phosphate (DCP) and bone meal at
two levels of P was compared in the study with 44 lambs for 91 days by using a
comparative slaughter method for skeleton analysis (Kwaschik et al, 1990) . It was
found that bone meal supported higher weight gain, better feed conversion ratio
(FCR) and higher mineral retention in lamb bones than DCP. No significant difference
in bone mineral retention was found when CaP ratio was in a range of 1.4 to 2.9.
Contrary to high level of P, the normal P level for both sources of mineral

supplement provided superior FCR and higher P availability.

LABORATORY INSTRUMENTS AND ANALYTICAL METHODS

Most of the equipment and analytical methods used in these studies were:

Sample Elements Instruments Analytical methods
Serum P, Fe Spectrophotometer Fiske and Subbarow
(1925)
Na, K Flame photometer
Ca, Mg, Cu Atomic absorption Fick et al. (1979)
Zn, Mn spectrophotometer
Se Spectrophoto- Whetter and Ulrey
fluorometer (1978); Olson et al.
(1975)
Cuy, Co, Se Neutron activator
Forages P Spectrophotometer  Pulss (1961);
Gomeri (1942)
Ca, Na, K Flame photometer
Ca, Mg, Cu Atomic absorption Fick et al. (1979)
Zn, Mn spectrophotometer
Soil P Spectrophotometer
Ca, Na, K Flame photometer
Ca, Mg, Cu Atomic absorption
Zn, Mn . spectrophotometer
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RESEARCH PRIORITY
Research priorities for a mineral nutrition study in Thailand should be as follows :

1. Survey on potential areas of mineral deficiency or toxicity

Since the study on mineral nutriton of ruminants in Thailand is rather limited,
the determination of potential areas where minerals are deficient or toxic is required.
The study may be based on a survey of mineral concentration in animal tissues,
bone or blood parameters along with the mineral content in forages and other feeds.
The information wil be very useful in awaring of mineral deficiency or toxicity in such

area.

2. Study on mineral availability

There are factors which affect the availability of dietary mineral such as
form of minerals, mineral sources, concentration of or ratio between certain minerals,
animal age and interaction of minerals with other nutrients. The data on availability wil
aid scientists, researchers or extention workers in formulating appropiate mineral

supplement to animals in different conditions.

3. Alleviating mineral deficiency or imbalance problems.

There are many direct or indirect methods of providing minerals to grazing
ruminants. Indirect methods include the application of fertilizers containing minerals and/
or altering soil pH to maximize mineral availability to plants, or encouraging growth of
specific pasture species. Direct methods could be done by different means such as
providing minerals to animals in the form of lick blocks, mixtures, drenching or
injections. The appropriate mineral supplement by using local mineral resources either
for immediate treatment (curing, remedy) or long term treatment (prevention) are of

interest.
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PROBLEMS AND CONSIDERATIONS

To determine the potential areas where mineral deficiency or toxicity would

occur for grazing animals, the folowing points should be taken into consideration :

1. Animals should be sure to obtain adequate nutrients other than minerals other-
wise the results wil be confounded and leads 1o the misinterpretation whether it

is the effect of mineral deficiency or other complications.

2> To obtain a reliable profie of the herds status, a sufficient number of samples
to be analysed or studied is required. In sampling pasture it should be borne in
mind that mineral content of a pasture varies considerably over the grazing
season. In order to obtain a general impression of the feed over the grazing

season, it is necessary to set up a proper sampling scheme.

3. In tracing deficiency, some mineral concentration in blood serum or plasma may
not be affected, unless a severe deficiency occurs. Hence more relevant
samples such as other excreta or tissues should be selected as the main

criterion.

4. To avoid misunderstanding, the units used for expression the mineral concentra-
tion in animal parameters, plant tissues or soil samples should be clearly
defined, whether it based on w/w, w/v or v/v and whether it was expressed on

fresh or dry matter basis.

REFERENCES

Falvey, L. (1980). Sodium and phosphorus supplementation studies in the Thai highlands. Proc. First
seminar on mineral nutrition in Thailand, Kasetsart U., Bangkok, Thailand, P. 814

Falvey, L. (1982). Determination of nutritional  deficiencies of highland cattle. Thai J. Agric. Sci. 15 :
275-2%4.

Fick, K., McDowel, LR., Mies, P Wilkinson, N.S., Funk, J.D. and Conrad. JH. (1979). Methods of
mineral analysis for plant and animal tissues. Anim. Sci. Dept, U. of Florida, Gainesvile,
USA. (Cited after Vijchulata et al, 1983).

Fiske, C. H. and Subbarow, Y. (1925). The ocolorimetric determination of phosphorus. J. Biol. Chem.
66 : 375 (Cited after Senakas et al, 1984c).

264



Journal of Agricultural 7(3) : 251-266 (1991)

Gomeri, G. (1942). J. Lab. Clin. Med. 27 : 956 (Cited after Hanai, J, O. Nishiwaki and Yano, H.
(1989). Study on mineral concentration of forages in Malaysia and Thailand. In : Recent
progress on mineral nutriton and mineral requirements in  ruminants. Proceedings of
International Meeting on Mineral Nutrition and Mineral Requirements in Ruminants, Kyoto,
Japan. p.139-142

Holm, J. (1971). Feeding Table : Composition and nutritive value of feedstuffs in northern Thailand.
Thai-German Dairy Project, Livestock breeding station, Huey Kaeo, Chiang Mai, Thailand. 23
p.

Holm, J. (1973). The mineral content of some tropical fodder plants at different stages of growth
periods in northern Thailand. Thai J. Agric. Sci. 6 : 257-266.

Kwaschik, R, Cheva-lsarakul, Bs. Ter Meulen. U. and Guenther, KD. (1991). Calcium and
phosphorus source as mineral supplements for ruminant in Thailand. Thai J. Agric. Sci. 24(2)
: 149-162

Limpoka, M., Tassanawat, T. and Sukpuaram, T. (1982). Studies on the relationships of mineral
elements in blood of cattle and buffalo, soil and native forages from limited provinces of
Thailand. Kasetsart Veterinarian. 3(1) : 9-24.

Limpoka, M., Sirivejpundu, S. Kanchanomai, R. (1986). Studies on the relationships of mineral
elements in animals. Il Study on zinc and manganese serum levels in dairy cows.
Kasetsart Veterinarians. 7(1) : 25-29.

N.R.C. (1984). Nutrient requirements of dairy cattle, 6" Ed. National Academy Press, Wash, P, S.
Chipadpanice and L. R. McDowell. 1983 Mineral status of cattle raised in villages in central
Thailand. Trop. Anim. Prod. 8 : 131-137.

Olson, O.E., Palmer, IS, Cary, EE. (1975). Modification of the official fluorometric method for
selenium in plants J. Assoc. Off. Anal. Chem. 58(1) : 117-121. (cited after Pichaicharnarong
et al. (1988).

Pichaicharnarong, A., Loypetjra, P. Chaiyabutr, N. Chirawongaram, S. Wongsombul T., Usanakornkul,
S. and Sirisena, K. (1983). Study on level of Cu, Co and Se in swamp buffalo serum in
different region of Thailand. Thai. J. Vet. Med. 13(4) : 260-273

Pichaicharnarong, A. (1974). Animal production problems in Thailand. In : Tracer Techniques in
Tropical Animal Production. IAEA, Vienna. P.195-200.

Pichaicharnarong, A. Loypetjra, P., Chaiyabutr, N., Jaritpakorn, P., Tipayaraksa, T, Suanprasert, N,
Chareonkwan, S., Poldeenana, S., Komolvanich, S. and Chareonnetisastra, P. (1988). Study
on levels of Cu, Zn and Se in the sera of dairy cattle, forages, concentrates and soil at
Muag Lek, Thailand. Thai J. Vet Med. 18(4) : 275-289.

Promma, S., Tuikampee, S., Vidhyakorn, N. and Indratula, T. (1988). The DLD method for producing
mineral licks for dairy cattle. In : Abstracts of the 26™ Annual Agricultural Conf., Anim. Sci.
Div. pp. 148-150, Kasetsart. U., Bangkok, Thailand.

Pulss, G. (1961). Landwitsch. Forsch. 14:38 (Cited after Holm, 1973).

Sakpuaram T., Limpoka, M., Tassanawat, T., Wajjwalku, W., Tongyai, S. and Chuthesa, A. (1986).
Studies on the relationships of mineral elements in blood of cattle and buffalo, soil and

native forages from limited provinces of Thailand Il. Kasetsart Veterinarian. 7(1)  9-24

265



Mineral nutrition of ruminant in Thailand

Senakas, U., Phusittikun, A, Vakama, V. Satjaphan, B., Rodjanastid, S. and Polperch, P. (1984a).
Minerals supplementation for beef cattle grazing on unimproved grazing land in peat swamp
area. Rep. on res. proj. No. 13-2905-27. 12 p.

Senakas, U., Phusittikun, A, Pothichan, S., Kiatsunthon, A. and Wakama, W. (1984b). The
concentration of minerals in blood serum of sheep grazing on pasture on Ban Thon soils
and Pakchong soils. Report of research project No 13-2924-27. DLD. Min. of Agric. and Co-
op. 12 p.

Senakas, U, Phusittikun, A, Polperch, P., Wakama, W. and Kiatsunthon, A. (1984c). Mineral status
of cattle raising at the peatland and sandy soil of Pikurn Thong development study area.
Report of research project No 13-2924-27. DLD. Min. of Agric. and Co-op. 15 p.

Senakas, U., Phusittikun, A, Wakama, W., Rodjanastid, S., Kiatsunthon, A. and Kanchanapibul, N.
(198%). Concentration of blood constituents of cattle in Golok river basin study area.
Report on the 8th Livestock Seminar, DLD., Ministry of Agricultural and Co-op. P.174-188

Senakas, U, Polperch, P. Pholpark, S., Pholpark, M. and Wapakpetch, S. (198%). Effect of
mineral supplement on the level of blood constituents of cattle grazing native pasture.
Report of research project No 13-0356-32 DLD., Min. of Agric. and Co-op. 15 p.

Shelton, H.M., Gutteridge, R.C., Wilaipon, N., Wickham, B., Kratzing, D.C. and Waring, S.A., (1979).
Nutrient studies on pasture soils of northeastern Thailand. Thai J. Agric. Sci. 123 : 235-247.

Tumwasorn, S, Najasingha, C, Kaeowphrommarn, C. and Wanitchart, A. (1980). Mineral
supplementation for one-forth American Brahman crossbred calves in the villages. In : Proc.
First seminar on mineral nutrition in Thailand. pp. 18-33, Kasetsart U., Bangkok, Thailand.

Tumwasorn, S. (1981). Responses of beef calves to mineral supplement in the central Thailand
villages. In : Proc. second seminar on mineral nutrition in Thailand. pp. 40-59. Kasetsart U,
Bangkok, Thailand.

Vadhanakul, N., Mitpaibul, K., Seksit, P., Tonglua, W. Wattchai, K., Karnchanapaibul, N,
Putivoranat, C. and Songsasen, P. (1984). Study on the normal concentration of mineral
elements affecting fertility in serum of fertile dairy cows in Ayudhaya province. Kasetsart
Veterinarians. 5(3) : 158-166.

Vijchulata, P., Chipadpanice, S. and McDowell, L.R. (1983). Mineral status of cattle raised in
villages in central Thailand. Trop. Anim. Prod. 8 : 131-137

Vijchulata, P., Srisak, P. and Pruksasri, P. (1984). Effects of mineral supplements on growth and
mineral status of cattle grazed on paragrass (Brachiaria mutica) pasture. In : The Ultilization
of Fibrous Agricultural Residues as Animal Feeds. pp. 247-251 (Doyle, P.T., ed.). School of
Agric. and Forestry, U. of Melbourne, Parkville, Victoria, Australia.

Whetter, P.A. and Ullrey, D.E. (1978). Improved fluorometric method for determinating selenium. J.
Assoc. Off. Anal. Chem. 61(4):927-930. (Cited after Pichaicharnarong et al., 1988).

266



MFHENSNHAT 7(3) 267—-274 (2534)

Journal of Agricuuu:g 7(3) - 267—274 (1 991) -

nn 'iﬁﬂ‘ﬁ']uﬁﬂ‘ljl,‘l’lﬂ‘l_lﬂ'\ﬂﬂﬂﬁl%Iﬂ‘!l’l’Jﬁ'lW%LWﬂm&I@Iﬂ%
6.l,%ﬂi’]ﬂ@]’ilf_lia]"I‘Ir‘i']"i‘ll'tl» 2 26U

Ton dwde, Tsues Wwhmaeoi | wsr e miigly

STUDY ON FEEDLOT FEEDING OF WHITE LAMPHUN BULLS
WITH 2 LEVELS OF CONCENTRATE

Choke Mikied,! Nirandorn Potikanon' and Thawin Karlpinyo1

ABSTRACT To study on feedlol feeding of White Lamphun bulls by using 2 groups of
animal, ages between 1 and ! /2 years old. Both groups, with 7 animals in each qgroup
consumed Ruzi grass and rice straw and supplemented with concentrale at the rates of 1.0 and
1.5 percent of body weight by group 1 and 2, respectively. The experiment was carried out until
the body weight of each animal was about 300 kilogram. The average dailly gain of both groups

time spent in feedlot was 307 days for both groups (P

was 4927 gram (P > 005). The average
0.05). The total feed consumption w
per day by group 2 (P < (05 The aveiage feed conversion ratio tor bolh groups was 1216 kg

w561 kiogram per day by group 1 and was 6.15 kilogram

P = 005). The tolal costs (the price of the animal plus the feed costl were 660512 and
780097 Baht in group 1 and 2, respectively (P < Q0l1). So the benefit from this feedlot feeding
experment were 153731 Baht in group | and only 40928 Baht in gioup 2 (P < GO1)
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Table 1. Composition of concentrate used in the experiment.

Ingredients Percent
Rice bran 25.0
Ground corn 55.0
Soybean meal 12.0
Kapok seed meal 8.0
Mineral mixed 0.5
Total 100.5
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Table 2. Chemical composition of the experimental feedstuffs.

Percent of dry matter

Feedstuffs Dry QOrganic Crude Ether Crude N-free
matter matter protein extract fibre extract
Napier grass 185 89.9 6.6 2.9 38.8 46.7
Ruzi grass 31.0 91.5 6.0 3.2 = =
Rice Straw 83.9 82.7 2.9 19 348 43.1
Concentrate - - 15.6 8.6 8.9 =
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Table 3. Performance of White Lamphun bulls fed with 2 levels of concentrate.

ltems Group | Group |l

: Concentrate 1.0% : Concentrate 1.5 %

of bodyweight of bodyweight

Number of animal 7 6
Initial liveweight (kg) 168.79 + 2280 14167 + 1167
Final liveweight (kg) 30157 + 3.63° 304.08 + 3.35°
Liveweight gain (kg) 14279 + 25.99° 162.42 + 13.283°
Average daily gain (g) 459.05 t+ 58.12° 526.42 + 85.99°
Duration in feedliot (day) 309.1 + 30.2° 3168 + 57.8°
Duration in feedlot adjusted
to 300 kg liveweight (day) 3066 + 248° 307.7 + 545°
Whole feed consumption (kg)
Roughages 1,0186 + 76.34° 881.16 + 170.63°
Concentrate 707.21 + 40.02¢ 1,0564.97 + 161.66°
Total 1,725.36 + 91.89° 1,936.13 + 323.20°

Feed consumption per day (kg)

Roughages 331 + 0334 279 + 0.19°
Concentrate 230 + 0.15¢ ) 336 + 0.17¢°
Total 561 + 0.99° 6.15 + 0.28°
Feed per kg liveweight gain (kg/kg)

Roughags 735 + 1.43° 539 + 0.79°
Cencentrate 510 + 0.99¢ 6.48 + 0.81°
Total 1245 * 2.37° 1188 + 151°

Initial liveweight of both groups are different due to the continuation of experiment, see
Mikied et al. (1988).

Non significant difference (P > 0.05)

be Significant difference (P < 0.05)

de Highly significant difference (P < 0.01)

milfewIduludiinmiesa: 1.5 veswimindwiotu lufinarl#sarninady
wulawdneoiuvesladmuwnelliseugindn  Tanguilésuomdwdssfers: 1.0
vesimindwiain (P > 005) ustlemadtlahsonguisarmasipaulanissus:
4927 ndwdetu SalidnlndfeturerumrywlailegnuanTesldnghanivemisiuves
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(672 niu doiu) ewe nm?ﬂmaﬂwmumuwun 300 Alanuveslens 2 nau‘hnuwnma
nuamww_lmﬁmmaam (P > 0.05) wazlianwede 307 W mmnmmaammm
u’]um:maaaa'nnﬁmnmmnﬁumm'mﬂaaatﬂmnmmm‘luuwamimaaammnmﬂn uAvzee
mwummwaar*nj'mnmﬂm,wnm‘leﬂnmﬁmmJ'ﬂﬂmumwﬂaawﬂﬂwumawaa
Prucsasri et al. (1990).

3. USymanwstilainuazilsz@nsannslemis

'Lunwsmaam%&ﬁa:‘lﬁ’lﬂﬁua'm'1iﬂmuazhatﬁw‘i‘lﬂﬂlﬁﬁwcﬁwgﬁawiamauﬁa
uiudrinemaveufimidlugiaain . neTsi 30w anoANINARDILANGHT
1 AnenmIwEnuTIY 1,018.64 Alaniu dmnnninlangudi 2 (881.16 flandu) atnaiivda
digmead@ (P < 0.01) Lz‘jaﬁmﬂuﬂ‘immmmsﬁ'ﬁm’mmaaﬂmmﬂaaaﬂﬂng’j’ﬂﬂﬁa 2
naunummﬂuﬂ%mmﬂ‘lumn@mnuamauuﬁmmymaam\ (P > 0.05) uathdaduyum
a'm'1's'szm*nnu‘lﬂuma:'mwmﬂﬂnam 1 AwenmiTTnnadpiuss 561 Alandw Sawleunin
Tangufi 2 FiiuowmnITuadeius: 6.15 Alandu ednslipddgmesdd (P < 0.05).

’Luua'maaﬂsz‘ﬁﬂﬁmwma:1mﬂﬁ?ﬂsﬂmsﬁﬁnnmmﬂunmﬁuﬁwﬁnﬁaﬁu dsingin
Taks 2 ngu Adewnslumadaianingy 1 fAlandu Ysiuanenaruatinsfiiodaynaia
P > 005) lendedldownnads 12.16 Alandy F3NNTIIIMNTBVINHBHINTINARDIUDY
wonezes uazame (2533) Lanwos.

4. dun uuavs'm"lmnﬂﬂ'mammﬂﬂ‘n’nmwu

m‘smmuwma,'sw‘lﬂmnam‘nﬂaaamamﬂmwmﬂnmmmsmnq Tapfiadunn
annzsndila fomnavenueazainatmyingn taildvindmaeseusinu dudeusnnes
TraFonsszaunash eeninelen dmiuarIndh uazeldanedug andedan

dmdudunuendale : dwinfeiifianlanduez 20 um, oM IMEILLRED
Alanduaz 025 v usereItuilaniuse 450 v Faludunmansidlaruiy
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fomsdmiudssgule ungudi 1 smvindy 6,605.12 ww usslunguil 2 iy
7,.800.97 uyw (P < 0.01 ) (myuit 4) fderemawemuiwmindaii#iafnlanfuse
27.00 1 Faiuraiadein 1 dmivleyuiudes dnlululangudl 1 szaneldiads
dane 8,142.43 v uazlanguii 2 veldiadedae: 8,210.25 um (P > 0.05) Liada
flsleglaivnenldawug sswudn lenguii 1 1dilaedede: 1,537.31 v Ssgand
Alafildanlanguii 2 s 1,128.03 v (P < 0.01) iflessnlulanguit 2 doudpeniny
dmfusomnyduganimadssulengudi 1 edun  BafhAedunuludusnldedug
yudludoudnmadisywlanguit 2 slaildilase

Table 4. Cost, seling price and benefit from feedlot feeding of White Lamphun

cattle at 2 levels of concentrates.

ltems Group | Group I

Concentrate 1.0% Concentrate 1.5%
of body weight of body weight

Cost vof experimental diets:

Roughages - @ 0.25 Bht/kg 25466 + 19.08° 22029 + 42.33°

Concentrate - @ 4.50 Bht/kg 3,182.46 + 180.07¢ 4,747.35 +233.38°

Cost of experimental cattle, per

animal, @ 20 Bht/kg 3,175.71 +45592% 2,833.33 + 233.38°

Total cost 6,605.12 +557.82% 7,800.97 : 88587°

Cost per kg liveweight gain 4791 + 11.362 4805 + 4.33°

Selling price, per animal, @27-Bht/kg 8,142.43 + 98.102 8,210.25 + 90532

Benefit, Bht/head 1,637.31 t 651.29¢ 409.28 +942.11°

gc Non significant (P > 005

d:e Significant difference (P < 0.05)

Highly significant difference (P < 0.01)
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THE USE OF HIGH LEVELS OF SUNFLOWER
SEED IN LAYER DIETS

Suchon Tangtaveewipa’ and Boonlom Cheva-Isarakul 1

ABSTRACT : The study was conducted lo determing the efficient use of sunflower seeds
(SFS), containing 197% of crude protein (CP) and 23868 kcal ME/g, in layer diets by subslituling
75 and 100% of soybean meal (SBM).Two hundred and eighty-eight heads of lsabrown layers,
aged 23 weeks, were randomly allocated to 4 dietary groups, each with 6 replicates. The diets
fed to the first 2 groups were either commercial of farm mixed control diets, while the latter 2
groups contained high levels of 29 and o SFS. All diets were adjusted to have 16% CP The
hens were raised.in individual battery cages where feed and water were treely accessed. Light
was provided 17 hours/day throughout the whole experimental period of 168 days. The results re-
vealed thal egg production and feed intake decreased significantly with the increased level of
SFS, thus resulting in lower feed efficiency, especially at the 100% substitution level. However, no
significant differences were found in body weight gain, mortality rate and egg quality with the ex
ception of egg weight which increased while yolk color decreased with on increased SFS leve!

There were no significant differences in egg produclion and  egg quality among the 2
control groups fed with either commercial or farrn mixed diets with the exception of a smaller egg
size, but higher specific gravity and darker yolk color in the commercial control groups. At the
end of the experimental penod all hens were fed with farm mixed control diet for 2 months. No
significant differences among groups i €gg production and feed efficiency However, the groups
previously fed with SFS laid farger eggs

PO T, DAL HOITI T, i Finericn e lmil @Bosbad 50002,
Department of Animal Husbandry, Faculty ot Agriculture Chiang Mai - Universily, Chiang Mai
50002, Thailand.

i
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Table 1. Chemical composition (% As fed basis) of the sunflower seed compared

to soybean meal (SBM).

Sunflower seed SBM
aInIdIN@sLa: gn¥insy Kashani and Carlson (NRC, 1984)

Fredazna (2530) (1988)
(2533n) HF LF
Dry matter 94.9 93.4 93,5 92.4 89.0
Crude protein 19.7 18.4 16.9 16.3 44.0
Ether extract 38.6 43.4 42.4 29.0 0.8
Crude fiber 14.3 10.5 14.6 25.8 7.3
Nitrogen free extract 18.2 17.7 16.3 18.4 29.1
Ash 4.1 3.4 3.3 2.9 7.8
ME (kcal/kg) 3868 n.a. 5004 3929 2230
Essential amino acids
Lysine 0.62 n.a. 0.56 0.50 2.93
Methionine 0.50 n.a. 0.41 0.38 0.65
Cystine 0.35 n.a. n.a. n.a. 0.69
Threonine 0.52 n.a. 0.68 0.62 1.81
Tryptophan n.a. n.a. n.a. n.a. 0.62
Isoleucine 0.62 n.a. 0.70 0.64 2.39
Leucine 0.87 n.a. 1.11 0.99 352
Phenylalanine 0.56 n.a. 0.74 0.77 2.27
Tyrosine n.a. n.a. 0.36 0.36 1.28
Valine 0.76 n.a. 0.93 0.73 2.34
HF High fat variety

LF
n.a.

Low fat variety
Data not available

won 1

nmsnnusaniwes Sl duomsda’  Ivaesenuivsiaunsodnlild
duawnalnlale enfiidu msseuwes Uwayjan et al. (1983) IduSavnuesz Suszdy
0, 10, 20 uaz 30% VDIFATDINNT WialyndumM unuAnIndundas 0, 15, 30 uaz 45%
aNAINL. wudn Wawdeladuua liluaeasenunaAnaianiues Suluo e lawuiiy
Ay FueaferiunmITonutes  dmidRa warFadarena (2533%) Aldude
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Table 2. Composition and nutrient contents of the experimental layer rations.

Ingredients Level of sunflower seed in diets (%)
0! 0 75 100

Yellow corn (8.9% CP) 67.13 46.82 39.97
Rice bran (12.0% CP) 5.00 5.00 5.00
Soybean meal (44.0% CP) 12.10 3.03 -
Sunflower seed (19.7% CP) = 29.33 39.18
Fish meal (55.0% CP) Comm. 7.50 7.50 7.50
Dicalcium phosphate ration 0.10 0.10 0.10
Oyster shell 7.50 7.50 7.50
DL-Methionine - 0.07 - -
L-Lysine® 0.10 0.22 0.25
Salt 0.25 0.25 0.25
Premix (MB-Mix No2)? 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00

Calculated chemical composition, (% Air dry basis) :

Protein 16 16.03 16.00 16.00
ME (kcal/kg) 2800 2900 3100 3200

Fiber 5 4.00 6.80 7.70
Ether extract - 3:565 14.20 17.70
Calcium - 3.50 3.50 3.50
Available phosphorus - 0.40 0.40 0.40
Methionine - 0.37 0.37 0.37
Lysine = 0.80 0.80 0.80

Commercial layer ration; approximately 16.0% crude protein, 5% crude fiber and 280 kcal ME/g
feed. i
Lysine supplement based on 788% availability.

Vitamin and mineral premix, May and Baker products.

s 12 eu/ngn lestufingunwldnsea 3 TuaaTNE YR T INTUTH Bvindualn
fufinnn 3 FINTTNABD WULTIT D ahuam'lm*amﬂuwnnwnﬂ‘smumimﬂmﬂmu w8
dwaouilufosazifioAnganiinasos ‘majauaw‘leﬁ’iﬂamsvwmmmnﬂsﬂﬂmazmmﬂn
AULANENITERININGY 1ee3% Duncan’s new muitiple range test (Steel and Torrie,
1960).
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Table 3. Liveweight gain and age at 5% egg production of pullet fed diets contain-
ing varying levels of sunflower seeds (SFS) during grower period (age 9-

20 weeks, pre-experiment).

Level of SFS substitute soybean meal (%)

0! 0? 50 100
Liveweight change (kg)
Initial weight 0.86 0.84 0.89 0.87
Final weight 1.64 1.58 1.62 1.64
Weight gain 0.78 0.74 0.73 0.77
Uniformity (%)2 77 85 78 74
Age at 5% egg production (wk) 19 19 19 19

Fed with commercial grower | and grower Il diets

Fed with farm mixed ration

Uniformity = No of birds within + 10% of the mean sampling weight x 100
No of sampling birds

1
2
3

HUITANNNISRER LY

naWda lvaansetnafiieddiy (P < 0.01) vhweudafuiSunmenmsinulenee
a9 Lﬁatﬁumﬂﬁuﬁﬂmuwﬁuﬂ,ugmmm5’ (513 4) Tﬂﬂnajm‘i‘lﬁuﬁﬂmumz‘iuﬁs 2
seduiuomnTidlienatiu (976 vs 955 ndw/da/duw) dwalvlszd@niniwnsldemns
(nn. ownsdienIWaalal 1 Twa wia 1 nn) vasis 2 miuﬁ‘lsjemﬁu wengudlesuenns

o o o4 o - & (% & . ' = - ) e o
ﬂULﬂJgﬂYﬂ“@]Z'&%uﬂuﬂﬂ'\nnﬁlﬁﬁaaﬁﬂ@ﬁuﬂ (100%) SL“Naﬂaﬂﬂ'J'\na‘&llﬂiﬂﬁlﬂﬂﬂaﬂ’uuw
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dndiy (205 wio 271 vs 1.71 wio 2.34 @MW) saunanmwukmHnEuRl Las
sarniepvesusitinnnauliuandnsiunmeana.

wonnnidmuinmslfommdGoufioy 2 ngu (0% SFS) Ynguildomns
USETLA o IHENDS (nzg‘uﬁ 1 u.a:na;uﬁ 2) IHamesuaussan N Inaa e lduan
dnartu (enTefl 4)

Table 4. Production performance of laying hens fed diets containing varying levels
of sunflower seed (SFS) during 168 days (Period 1-6).

Level of SFS (%)

In ration o' 0?2 29 39
Substitute soybean meal 0 0 15 100

Egg production performance

Egg production (%) 76.26°  76.03°  64.94>  57.83°
Feed intake (g/bird/dey) 107.9* 106.7° 97.6° 95.5°
Feed efficiency
kg. feed/doz. eggs 1.72° 1.71° 1.84% 2.05°
kg. feed/kg. egg produced 2.46% 2.34° 251 2.71¢
Live weight gain (g) 23° 101° 24° 48°
Mortality rate (%) 0° 2.8° 1.4° 2.8°
Egg quality
Egg weight (g) 58.13° 60.78° 61.28° 62.88°
Specific gravity 1.093° 1.090° 1.090° 1.089°
Haugh unit 88.43° 90.03° 87.99° 89.49°
Egg shell thickness (mm) 0.358° 0.349* 0.350%° 0.344°
Egg yok color (score) 13.8° 8.7° 7.7¢ .29
Second quality eggs (%)* 0.31° 0.20° 0.44° 0.43°

o
1
a

Values within a row with no common superscripts are significantly different (P < 0.05)
Fed with commercial layer diet

Fed with farm mixed diet

Including cracked, soft shell and broken eggs

w N -
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qoannlai

araaazImM Il o Ifitiuiauas Suszdueneg unklnidwos 168 u
nar il adedn  Insnsfiesuduvesfliuasanssaunsifuudaniuaziulu
%I 'Immmziuna"umﬁmﬁﬂmum"a"uuwm"’imnc'hmﬁaaﬁwuﬂﬁmmwnwhaazmﬁﬁs
ddiy (P < 0.05) Wafinuiunguuowiioy (62.88 ndu uaz 7.2 udNAzUUK vs 60.78
N5 UAT 8.7 WANATUUHK AWAIA) EIUNATNIAIUANNENUNIE, Haugh unit, AITUHARN
waenty uazdwanldnmnwdy (layy Mauen wazlaiGeniin) Liwueanauanenslunn
ngunIneses (il 4) uddsingin mildemnsuisniildesutsdiwzuas
aosflauaadudu  watidminladningasfinsmesetnsiiodndy. dmuaqmmwladm
8uq (Haugh unit aamulFenta uazdmawldnmnwen) liwuauuandnaiu (1319
7 4)

nnnsdeaaRade lUBmsm et 7-9 (wszesaan 84 w) Tenlviuiln
f 4 ngldSue iy (ngud 2, dwaadliluenefl 2) ilowiunue 1o
ﬁnmﬁmamaamﬂﬁuﬁﬂmm:"a”us:ﬁmgﬂummﬁ']ﬁwaﬁmia‘s:numsr;iaﬂmmmia‘hi A5
pradliluansed 5 dringih  awssamwmandelvvewalifies e fuuas laldTuaie
yuasSuinasentz: 168 Swian Mnaliuandrameatia oniudminladsdeasiiiamin
Wnduanumafanuiemues Suluems a"mu;i‘ln'nq’uﬁ\lﬁfumm':ul‘i‘nmﬁﬂunﬁuﬁﬁmﬁn
FuRnnningudug ernaiiedndy.  Heioradierndaminiuduvesinlalunguisy
Finufdninngudwandes (anasft 3) mafsdusesiwindaisseudhagslutasiede
Wasiminladiuiluwaainddoeiu  Tesasdunadulédustinguyfoufiouduw Ty
ﬁwﬁnﬁamnndwn&g’ajféw) Fuefluszoz 6 $rMINAsEwIN (1A 4) wenaniiowfien
Auranstiudmdsniinayfougase s Gaangitilungud 2 1dSuemganas
Tuvmedialingudug  dosldiamdmiunmafudlieniuwivemagasinifurion.

FRIMHANTINARDY

mafiandal el inguildfuemnififuieniues SudndnguySoufinuds
18% & (an79fi 4) omiwadlesniuinewnslédosninnguySoufoy iwnzemnsd
Foloduiuanunmafinugerues i (1398 2) dwalfulilédsuyTnouiolode Sudu
Iu (0397 6) Yilwomsfianuru Fsfiuemnsldesas (Mayer and Cheek, 1975)
Yszneuiumadnerluedeilldusen lind sl lomt (ME) sepdrgeliuanumaniuade
nuaziulugasomns @3 Scott (1982) namMI riazfinemniamdFnnmnsaanud
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m3lfdanr s Juszduglue ity

Fumedesmy ieldnsinuauarudosniudalnazngafive s seeafasiuNaN aRSY
fusngin ME  vewlignnguitléfudeuliviinalngifeein - SomeiuTinwlysaud
wilildsudiady  sfiUSunmanateusiuIuemnIinn (anei 6.) Seluinaissiuniasin
N Rommaaly §sfi North (1984) 1sl¥in wildlutrsszezunvesnslilaaasidsy
Tds@uiuas 17-18 nin u,viu,u"ln'nziuﬁ“’lﬁ"fumwwﬁﬁmz‘mmmz'3%1@"%1ﬂiﬁwﬁmﬁuaz
15.3-15.6 niuviiu wandalydsaeasdsdinan.

Table 5. Production performance of laying hens fed control diet (sunflower seed,
0% SFS; gr 2) during Period 7-9.

Previous group

(%) SFS in ration o' 02 29 39
(%) SFS substitute soybean meal 0 0 75 100
Egg production (%) 74.34° 75.30° 71.59° 71.25"
Feed/doz. eggs (kg) 1.99° 1.95° 2.00° 2.03°
Feed intake (g/bird/day) 120.6° 121.6° 118.5° 119.5°
Feed/kg. egg produced (kg) 2.58° 2.52° 2.565° 2.56°
Egg weight (g) 64.00°¢ 64.79% 65.36%° 66.11°
Second quality eggs (%)° 0.63" 0.57° t.12¢ 0.33°
Liveweight gain (g) 208.8° 284.2° 213.3" 213.2°
e .23 gee table 4
Table 6. Nutrient intake (CP, ME and CF) of laying hens fed diets containing
various levels of sunflower seed (SFS) during 168 days (Period 1-6).
Level of SFS (%) Nutrient intake per bird/day
Groups
in diet Substitute CP ME CF
soybean meal (g) (kcal) (@
1 (o} o' 17.3 302 5.4
2 0? 0? . 171 309 4.3
3 29 15 15.6 303 6.6
4 39 100 15.3 306 7.4

.2 see Table 4
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nfnanae lakazUSinmenmsfinuasasiialfenmsfifiwianuas fuanaun1sfnm
afill Winadeudstumonuies dwdddant uaedadarzna (25331) fiusi nildiube
muaziuluomnindugge  19%  wiafiuwifuunufinindunies  80% laifinarial
susTnmwmMIKaaldaeas  Tllenaflessnnsfinenves  amPivan  ussdaedauens
(2533%) wlilaedsrion finyUfusuesses ME iviiunnngunmaneses esseslvisen
Fuawmdols  uazeninsnaneunlduiavuas Suaunainnedeil  TuTinmgs
neratewnn nanafe IHlugesemniduendy 20% duld luwsicfiediionllu
pWNRABS 19% ufineniunmumuiinndundests 80% fiaw usetnelafiow wondaly
finesadolfiufanuaz Suszdugedl - sonnfesiy  Uwayjan et al (1983) Arpauin
o lfiuus Tiaeaufiol fudamuas wluomsszdy  30%  wieifipuriiuunufinn
fandos 45% waniaeasiansnalinuvizdndy  SsonaflossnyFnmenmifinuanasta
1N TR IENEYEI Uwayjan et al. (1983) 1dihdudawdeaiudiyuaueates ME
danmifinsluadsifen ME gow afunislfiadanuas iuluemny 3dluinadnrie
mItuemns §adiussldesnstaanludeiTnawiadn u uwnnszmlal swnaoldomand
wiemuazuldifios 10%  Teplifiinadodonandala (@il  uaxdnedaaens,
25331) wananidiReandaiuTBNuIeY Lee and Moss (1989) finudwailnlaeny
54 fenvt el fuian ez iuluemsgindn 20%.

nylfuianues Suszdugaunuiininduvdesdaulngnionanue  Snavinligns
awnsivinmntaluiuwlududs (Unsaturated fatty acid) lesawizniedluadn (Linoleic
acid)  #Afluanlwwdeniuer SulvSunonAndu  fnavinlilawesledu  (Shannon  and
Whitehead, 1974 ; @137 4) seandestu Karunajeewa et al. (1987) #lfiuda
MUA TG 0-4% Lﬁm‘lﬁ"hiﬁm‘ftﬁnaa%uma Tudhsey 43-67 flewi Uaingin
fminlaRuduenumaiudenues ulwewns  Teolafiflaweimin 65 nfuduly
Tt dwlvswedmin 50-55 use 55-60 niu Tdwiananssagnsfiiodneiy
Fedanaiuldiuforuanaslaledn  aamuwufentvsnss  Temawzlunguinldiuie
ez Suumuiinndandosimue  eibineziiasaniinidiusunave wenduusz nosna ix
Tugasemalinsfivindunnngy (enefi 2) sawunsiivesilauasinudusaaseunisiu
el fufamues Sulua i ﬁawmqmmntuﬁﬂmm:iumﬂsﬁuﬁauﬁwﬁn (19.7%)
Yrzanmadamisvosnmndanies delduanmuaziuluewns  sswdudossayuimnsls
ﬁwﬂwamugi‘lﬂﬁumﬁaﬂmnﬁamfa'aaﬁaﬂ vJwnqlisns@sywa@ (Xanthophyl) Fafiunln
Frilnendos fUSunmeasd LiamtazauansarTnalulluanionas  Hasuiiseandoaiy
Uwayjan et al (1983) uay awm¥idant uacdzdaszna (25331).
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msumatasuomsannfieelilueee 6 Wowusn wwduldldfuawadivy
Wisnwdousunnngaiuaandn 3 weou dangin Tl adsnaRadnanunguiien 16§y
Il Aamuez JuIniew  (aef 5) Fitlonadunarnanmyszaunialuiuliduen
fifuSunmeandnageluszazuanliluime  udasions UsopanHluszaendaiile.

maftmsin g sl inguitldfuemnasisndininguiineildios  eneliaung
yanu3sminsiuntseeduns  3afenlFiagdufiinengnittdanmaiidhindrs s
Tuszaugs LazealiasannMIHAREIN TS wenawanABIN T dlandunie Sagiy
Suiilahunn fodsTewilumstaeBaseznafvemnatFldum Tesomainlaifiv
% TnalFSnmnseluilisui lvemauisinigasemayioufioy Seiinalenass
dorunaneila(Shannon and Whitehead, 1974) wenanii anaifiasangasenwiaioy
WinuimAdnseasilwamislofiuludufigininssdufiuueinlan NRC (1984; 0.37 vs
0.32%) udzaNAgININTALATlue M ILTHEN Usnowsmlslefiuditannit enedmaliawe
Woslaifuduld (Doran et al, 1982).

Tunsdierumsinzaesliannuiiildsuemisuisn - egeandnaguiine
271y ma:ﬁmmqma"unu,u"ln'nEﬁui‘i‘lﬁ%'ua'1mm‘%ﬁwﬁmfﬂ’an‘hiﬂmn'j’m&juﬁwan
omTld0s Ssseandestiuenules North (1984) i FeuEII Az NNRIAUS
fuarumrealfenty  lafilienuthsimnzgaindifenlanw  dmnidiflaueddid
NIWANUR ﬁmmqmmnmﬁ’1‘iu‘%ﬁﬂldawﬁﬁmmﬁﬁ‘lﬁmnm‘;é(am*m:ﬁ (Carophyll) &3
Yidoudhann  iRaumstsgennuaulavesfuilne FatoTndumauasduiuneawny
AR TN,

ﬂqﬂnams‘naaaa

nmlfudenues Jusdugilugasemns fe szdu 29 uaz 39% wiaLfigy
Winfuunuiinandandes 75 uwae 100% aestiluduszesian 168w Wisufipuny
pwnaSudioy 2 e (ewuisnuazamniinenldios HelwSanmaziu 0%) WaT
16\”)"] :

1. deldusenuaz Sunaununnndanaesrioane  (100%)  Twavinldnandeldua:
UszAnEnnnlfemaderas Invneilafiauenesledn m7lddEdy 29% (Wnufinn
Sundos 75%) Litnadesorseantnwnsldems dwindafuszdaniiens weiaz'le
wawaa ladndnsuyouiiouding.
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DEVELOPMENT OF FOOD PROTEIN ANALYSIS

Pairote Wiriyacharee '

ABSTRACT: Kjeldahl method s usually weli-known for food protein analysis. However, this
method has a complex problem particulady o distiflation and titration  steps. The moditied method
development, therefore, using colorimetric method was investigated, It was tound that it was accu-
rate and not significant difference from the standard Kijeldaht method. In fact that Brand's tradi-
tional essence of chicken, pork meat and soya mik powder were composed of total nitrogen
(1156 + 0.110%, 324 + 0.18% and 557 + 0.11% respectively) and protein (7.22+ 068%, 2023 +
1.12% and 34.82 + 0.72% respectively) by using micio-Kjeldahl method. On the other hand, the
same samples using colorimetric method were found 1.081 + 0.060%, 320 + 0.11% and 556 + 0.17%
total nitrogen respectively and 676 + 038%, 2001 + 071% and 3476 + 104% protein content re-
spectively. Thus, it can be concluded that the colorimetric method could be used for food protein

analysis as it was accurate, convenient and rapid method.

¢ 2 n vl ) oy ¥ Vol en N
UNAGL - e on e bui st LR @ e Kjeldaht Iunn i en weiinddaesdeon
Twltwaoun riodwuesn e o eane O e R e e eriadeun s GwSER Daken

Y o@@misees wodwarn i rwane oo @ eedd e e s
'l oy e oo oo lw e T s@nloardi - Micro-K eldahl L dien Thi o
1156 + 0110, 324 + 018 uas 557 + 011 g 7.22 & 068, 2023 + 112 liwe 3482 = 0.72 G I
d s e e i we aa T et onnae Tisé A Tuionme: 1081 + 0060, 320 + QO11,
556 + Q17 war B76 + 038, 2001 + 071 uwe 3476 + 104 @mawan g e e e

FEAN W IACTIN TN @ Kjeldahl o n

O T e L lnéhu'ium‘x':_ LT ORI G, ww Eineraecdes v, 50002,
Department of Food Science and Technology, Faculty of Agriculture, Chiang Mai University,
Chiang Mai, 50002.
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A

TumsAassiomnslasialy manySinalusduismue (Total protein) fieafld
eIz Kjeldahl TumsmndSanmlulasauimueludiogy uiwangmivedr 103w
vassiazaiiavese s sz ldiuunlysdnimuavesemnariadiug  uditm ez
TeemsiadAendiinalulanaudng Wraniuitfszaanuasfianuuaing Inaifio iz
WATZH.

Ann33aaT R srinnnTtenaapanawn3d (Organic matter) lusntafidunia
uaziidnds (Catalyst) samsnnagld Cu*? use Hg"? udduinlundu e ueulaniivean
1w aUen e Iuansniaudanan o dalanlfie3as Spectrophotometer lap
nIBnETazann ) afitesaapNaInMeNgIaza e Ethylene diamine tetra acetic acid
EDTA)  adlUfiorndasunuiilivigrifiiinedoniaiufiefuesmadieszd 9 ndins
Siaevansuoulufisasyinuidenniy Clorox azlé@s Chloramine Tuanwiidueng an
%4 Chloramine ﬁ].,l.’mi’mv’nnua’ﬁ Phenol lé§13WIn Para amino phenol wivinufizen
giofiu Phenol anwﬂmana 22§35 Indophenol #fiENIW anuisinldsudnnige
NawLES (Optical density) fansenuenInaw 625 nm lddnfisnunsnfisuiuniawunas
g fiesalesmslduenlufioudana  Dwndsedlulanawinasam az'ldenyTum
Yulasanimuaiiflugiosns lapfiiansdug wenanlulanauanlyséin wiu win Non-
protein nitrogen  duq  awiziusanandie AfidosinTaeanuaaaedon  laonavi
Blank  \fiavindnsenueaneedanfionanadnls.

dinsemaeiivesnaned TogaEmysadanuninosunelédit (uwwnnwdi 1),

@ro8in9fidoInnT cu*?
A _ #H,S0, > (NH,),S0, + CO, + HO
AR LY 36n

NH, (liberate)
NH, + NaOCI (clorox) - —> NaOH + NH.C (Chloramine)
NHCI +@—OH + NaOH —>» NaCl + H,O + HO@ NH,,

(Paraaminophenol)

@-OH+HO@NH2 + 0, -> OQN —@- OH
' indophenol (BIGE " colour)

AANAULRIATIIARY 625 WILULUAT

BHUNWA 1. LRAIFNNISAIN TR RaFNN TR AU LU s@wlwonng

290



NIORNBAT 7(3) @ 289-297 (2534)

qﬂn‘m‘mazﬁ‘ii'nﬁmam
ANIINLHBATIINGA]DN

MMINAADIALINIHWNINTNARDILUY Completely Randomized Design leafiffade
nmsdneuiu 2 ade fo .

Tesnan wiimdeTedldsin  Samnmesesitarld 2 AT fie ATuneigw
Micro-Kjeldahl uazdtmIswamnanitunasgulesnisied (Colorimetric method).

Tededfiges 1Tudathsfiazsimaiiased § 3 dethsfiashimaiened leun
wusudautlr, ony uasnudandoms

o & & & 5 s 5 o &
davn NInesesnTiiandn 2 x 3 Factorial design in CRD #ifinaaninyviue 6
Treatment combination FusasFINaansazyinnIIneaes 6 91 a1l

Amenaasii 1 1ddeduusudayln wilds@ulen Micro-Kjeldahl method
2 Vdhethwusudgln wilds@ules Colorimetric method
3 Idwatnaiiony mldsduley Micro-Kjeldahl method
4 ddesnatteny wildsdiulay Colorimetric method
5 lddetnauutiandos wildsdulas Micro-Kjeldahl method
6 1ddanaundunions wilds@ulas Colorimetric method

5w lls@nlas Micro-Kjeldahl method

Fadetng (Fuimuusudm s wmindretns 0.5 nfu, 1llewy 0.1000 n,
uuduwdeIns 0.3000 n3w) lasdluaegenlusdu (@uansdads CuSO,5H,0:K SO, =
115 §wam 1 nSu wandunga H,SO, uduasly 5 fiaddes sialuvhntenlweTesen
%A Micro Kijeldahl digestion awnszvisléansazangla fsliidu fsnatendpriinguious
windudoamiuauan  Aslifwduiinduwinionifioszaendn  Ynnnsdedfazdenlals
Tuanaudns dwdnnduafime 1-2 faddes 5-6 @31 W@uEIazae NaOH-Na,S,0,
w10 fadaes  vmandwlenldenufousnletiudion ivdsfinawlaluaniazate
Boric acid filiemiduduionss 4 swwau 10 faddey A Indicator 1-2 wee (Methyl
red-bromocresol green solution) ndnanldanazaenving 50 JadAaT.
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WarnmMaa e lsdwluemns

ingsfndul Mlamivsnsacaeanesgm  (H,30,) awldfmum shnnvdieses
flUs@uan Blank sample fedTidwmdaiudndu widuwIismnyIunmlyUsdwludreng
NGAT
v

Usnmlulasaw (fowaz) = (ml H,SO, - ml Blank) x Normality of H,SO, x 1400.67
: mg of Sample

YSumldidu (Sowaz) = PBumlulanau x 6.25

n1snlUs@nlas Colorimetric method

Fadotnarwmaaiuneussn Taasltluameten Wnansdass 1 NN wamdunIe
H,S0, Waiuadly 5 Tafdas wnldbenlweaTosionge Micro Kieldahl digestion aunszys
loanvazaela Asliiuas (10 wafi) wdaninluiFoansdesin Deionized water $7wam 15-
20 §ndd0y uddwasguln Volumetric flask yuta 250 faddes Usudiunasdldled 250
adfay  udwanlddiudin voimetric flask auia 100 Taddas uwdvdseieluil :

- 1 §isdday  vosdetnfitioonazUSuLFina i
- 1 {afA@3v0383828%0 EDTA (szane 1 niuved EDTA 1w 100 Hadaaives
Tndu ud5u pH W 10 ¢ NaOH 1duduuas pH meter)
- 5 {iadaasvesRnIacaty A (azane 4.8 n3uras NaOH lusnaufitsieann
goow waztSudTunandu 1 das)
10 iafdev1038138287 B (a8 5 niNwad Phenol was 25 n3uvas Sodium

nitroprusside TuiuazdsuSineslwdu 500 Tsddes LAvluwIed
1 ihddureuldlinunlifemnniivies)

-10 UsddeTvesRNIazae C (azae 2.5 niWves NaOH, 1.87 n¥u Anhydrous
Na,HPO,, 15.9 njuved Na PO, 2H,0 uaz 5 fiaddases Clorox Tu
AnduuassudsineslWdu 500 0sdans Wvluaefendgion
reul ¥l igmngives)

WusnauwldiiuFinesasy 100 Hsdaes waswanldidniu A9l 05 - 1.0
7l uinhlsmanniseanduuss (Optical density) # 625 nm.
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mMa@3u Reagent blank Lflaaaeueanaafon

Winnasisdanniulanaw  sndwawyindudeneild  @usnseneg 1w
Weadudnadu  vnateswazsulSunes  uasimImeaNganauLEL AW ey
dilaluaanunanaeion  wiafisuiunsinasgwiewySunmlyséduealyl

naeSsunI LA

14 Ammonium suphate W% 0.4720 nfu azawludndu 1 das Wens
szawin 10 fsddesuandesnsdnldasy 1 Gas dovonduszldmniasaefifiaanandindu
1 ug NIml fnansazaeunaszwit 0-50 fadaas ywhmsdersimuTuminlanaweu
wgaruaeuuInnnyizms asldeneineg U3 Optical density Feududuvasiulanand
PRt UGt GNPk L) a'1nnﬁwmm'iiwumaam'mﬂaaaﬁaz‘lﬁmﬂ‘iuﬂm‘lu‘lwmuﬁoﬁ

Yo lulanau (ug) = (f1 Optical density) (112.50).

yhmaSpudisudeyaven/iumlusdnseudssdeinsfivnmadiareim 2 35 Tesn1ald
Tusunsu Stat-Pack Package finmiitasnzineadid (Walonick, 1987).

BN AR 081398 NN IANUSUNIA TN TN ﬂﬂﬂtam:ﬁaaﬂﬁatﬂwu" BRZA I
o - oot o P & w & o '
fundos @adTues AOAC; 1984) uasytSunmvosudsfiazaosinlarsvualudonng
wusudmUln endfuuy AOAC (1984).

HANINARDILRZIIIIO

ﬁaaﬂwauumﬁqﬂ‘lﬁ Hudossfiiuseanan Ssilsumvsudsfisaninazaein
Yevianueiudonas 9.83 + 0.86 (anaefi 1) d’mﬁ’;aﬂmﬁaﬂquazvhazhauuﬁomﬁaam‘f’i
T luminesssniaidlsinmanutiuiorss 72.10 +1.27 uar 363 + 0.25 @WEGU
(79 1.).
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< - - 3 & o ' s ' &
anefi 1. PSunmveudsiinzassinlenmuevesdatruumudndln  uazySunmanuau
VoA HONYUATUNTANTOING,

@0ting o udsfiazanatinlanimue AUTY
(Sowaz) (Soaz)
wusneayln 9.83 +0.86 -
ony : - 72.10 £1.27
WUBNAEDING - 363 +0.25

TumInesesnfiiyinmadeondietnemnins 3 defny  Mefduvsunaiuas
vouds MiiduRmazdad Worniareimyanmlysduw annmImessnuin U3unm
Ilanan waelusduludetinsenwsns 3 degne fanuuandnaduetnsfisiodndy (P <
0.001) (79 2) nanfe Iudeduusudginfdfinmiulonauwss T @udadu
Youar 1.12 +0.09 uaz 6.94 +056 @ wa€u mw‘l”aafjwﬁaw‘ﬁﬂ%mm“luimwu
wazlis@udaduionas 322 +0.14 uar 20.12 +0.90 ewawy dwmdinnmlulanau
wazlusfuludensunduniomslidnYonaz 556 +0.14 uae 34.79 +0.86 eud iy
snvawudndfinesuuasdinsiivaniandtinesw  Teemaddenanmylaamaudu
3Bnnyied  lifienuuendnseensiisioddymeaddiae (P > 0.05) (an7sfi 2.) namdie
3 Micro—Kjeldahl  swnsomuBinmiulasanldludeinuusudalln, ey, wezwu
fandesng denvindufonss 1.156 +0.110, 3.24 +0.18 uaz 557 +0.11 aWs@v.

AW 2. WanTlaTYinaEiaveslTunalulanauuazlusduludresrwusudgln
& o - o/
(Hany uazuNfUWRDINg lewld Stat pack package

e eH Tulanau (Sewaz) Tiv@n (Sovaz)
Micro—k jeldahl 3.3208 +1.8599 20.7267 +11.6623
Colorimeter 3.2813 +1.8868 20.5089 +11.7918
AIDENIDINNT

wusudsln 1.1183 +0.0932 6.9442 +0.5609
Lﬁaﬂi‘l‘ 32192 +0.1440 20.1217 +0.9007

U ARRDING 5.5658 +0.1369 34.7875 +0.8558
AQTTARDE F-test Significance F-test Significance
ABRaTRH 0.8276 0.3702 0.6449 0.4283
98D IANT 3501.2083 0.0000 3517.3130 0.0000
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H - -~ 'S ' P 3 o -~ o 0
i 3. Ysnodlulanawasldsduvesuudndln, 1Hovy, ussuudaniowsiiviinig
AAT e REATALANEITU.

@naeing AERLFIa TR PEumwlulenan  Yualls@n (N x 6.25)

(Soraz) (Sop182)
wusudgli  Micro-Kjeldahl 1.189 7.43
method . 1.032 6.45
1.060 6.63
1.204 7.52
1.118 6.99
1.332 8.33

X +SD 1.156 +0.110 7.22 +0.68
Colorimetric 1.119 6.99
method 1.039 6.49
1.002 6.26
1.172 7.33
1.092 6.83
1.060 6.63

X +SD 1.081 +0.060 6.76 +0.38
\onsy Micro-K jeldanl 310 19.38
method 3.36 21.00
3.04 19.00
3.30 20.63
3.50 21.88
3.12 19.50

X +SD 3.24 +0.18 20.23 +1.12
Colorimetric 3.05 19.06
method 3.11 19.44
3.37 21.06
3.27 20.44
3.19 19.94
3.22 20.13

X + SD 3.20 +0.11 20.01 +0.71
HUNARRDING  Micro-Kjeldahl 5.55 34.69
method 5.59 34.94
5.561 34.44
578 36.13
5.44 34.00
5565 34.69

X +SD 557 +0.11 3482 +0.72
Colorimetric 5.25 32.81
method 575 35.93
5.63 35.19
5.58 34.88
555 34.69
5.61 35.06

X +S8SD 556 +0.17 3476 +1.04
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SUPPRESSING EFFECT OF METAL IONS ON DECOMPOSITION
OF ORGANIC FERTILIZER BY FORMING
METAL-ORGANIC COMPLEXES
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ABSTRACT. Decompasition  of

Parialy  bumiied  bubtalo dung (BD! was tesled as tois oa popuiar  coil amendmant  in tropical

game tertiliser  wa amined by addition ot metal compound
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ot BD and metal compound was incubated  under aerabic condition Al appropriate  period, carbon
doxide emitted  fom BD, amount of Al and Fe, pH and ophcar density i HC-BD  extract and
fractionation  of metal organic substances 1 KGL and  water  extact  wele analyzed The results
showed that addition of metal compound shghtly decreased decomposition of BD through  formation
of melal crganic complexcs The  adaed Al and Fe wons were  expected 10 exist i form of

palyhydroxy Al and Fe mamly combined with humic substances of BD
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Suppressing effect of metal ions on decomposition of organic fertilizer

INTRODUCTION

Microbial decomposition of organic matter in soil has been studied for many
years and a lot of information on this topic have been obtained. However, techniques
to control this process succeeded only to a limited degree. The most popular
techniques to enhance the microbial decomposition of soil organic matter were air-
drying pretreatment (Shioiri, 1940)' and increase in soil temperature during the

process.

Soil organic matter content is usually much lower in tropical regions than in
temperate regions because of rapid oxidation of organic residues (Jenny, 1980).
This fact has been ascribed to higher temperature in the former regions than in the
latter regions (Jenny and Raychaudhuri, 1960). The low soil organic matter content,
in turn, has been considered as main cause of low fertiity of the tropical soils.
Actually, virgin soils in tropical regions are often rich in organic matter and are
degraded when they are cultivated (Kalpage, 1974). Application of organic matter to
soil has not been always succesful to restore fertility through increase of organic
matter content in the tropical sandy soils. This failure has been suspected to be

caused by rapid decomposition of the applied organic matter in the tropical soil.

Sanchez (1976) suggested that some tropical soils with high organic matter
contents may be formed by strong interaction of organic matter with iron and
aluminum hydroxyoxides and with allophane. The strong interaction could stabilize the

soil organic matter against microbial decay.

Recently, new approaches have been made to suppress microbial
decomposition of organic matter in the soil. One of them is utilization of matalic ions
which have high ability to combine with humic substances in soil. Kubota et al
(1986) demonstrated that Al ions, especially polyhydroxy Al ion, could clearly
suppress microbial decomposition of well matured (humified) compost. Wada, Kito,
Tsuji and Fukushima (1989) obtained similar results though simple Al ion was found
to be more effective than polyhydroxy Al ion in suppressing microbial decomposition

of well rotted (humified) debris of Eularia.

On the basis of above mentioned considerations, we began a series of

experiments of find out the technique to suppress microbial decomposition of organic
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matter in the hope to find a mean to increase organic matter content in sandy soil
of the Northeast Thailand.

in the present paper, we examined the following 3 points. 1) could the matallic
ions suppress microbial decomposition of buffalo dung, a partially humified organic
amendment, which was popular in Northeast Thailand? 2) How effective Al and Fe
ions in suppressing microbial decomposition of the buffalo dung? 3) Did the metallic

cations really strongly combine with organic compounds of the buffalo dung?

MATERIALS AND METHODS

Buffalo dung (BD) : Fresh BD was collected. It was air dried and passed through a
2 mm seive. Its chemical properties were 21.16 %C, 1.01 %N, C/N = 21.35, 0.15 %
P, 0.15 %Mg, 2.08 %K, 0.05 %Na, 9.5 ppm KCl-extractable Al, 2.0 ppm KCI-
extractable Fe, pH 8.0 (1:2.5) and cation exchanged capacity (CEC) = 27.78 meq/
100 g.

Metal compounds : PAC (Polyhydroxyaluminium chloride), AICI, and FeSO,.7H,0

were used as sources of ions of Al and Fe.

Incubation : Each 5 g subsample of the air dried BD was placed in a 500 ml
Erlenmeyer flask and was saturated with water solution of a metal compound and
well mixed. The amount of the added metal compound was adjusted to saturate
cation exchange site of the BD with the simple metal ion: 248 mg Al/100 g BD and
514.7 mg Fe/100 g BD. The flask was tightly closed with a rubber bung from which
a small vial containing 5 ml of 2 N NaOH solution was hung with a piece of wire and
was placed in an incubator at 37 'C for certain periods : 3, 7, 14 and 28 days.
Erlenmeyer flasks without BD were incubated in the same way and regarded as

blanks. All plots were duplicated.

Measurement of CO, : After each incubation period, the NaOH solution in the vial
was added with BaCl, solution to precipitate CO, and the remaining NaOH was
titrated with 1 N HCIl. The amount of 002 evolved from the BD was calculated from
the differences in the amount of HCI.
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Al and Fe determination : After termination of incubation, the Buffalo dung was
shaking for 30 min with 1 N KCI at the ratio of 1:10. The KCl-extract was
measured for Al and Fe by using plasma emission spectrometer (Shimadzu ICPA-50)

and atomic absorption (Shimadzu AA-670), respectively.

pH and optical density : The KCl extract was measured for pH and optical density
(OD) at 400 nm by using a pH meter (TOA HM-20S) and a spectrophotometer
(Shimadzu UV-240), respectively. Measurement of OD at 400 nm was modified from
the method used by Kumada (1985) and Drijoer and Lowe (1989).

Fractionation for metal organic complexes : The KCI extract from BD of 3 day
incubation was fractionated. Five mililiters of KCI extract was fed on Sephadex (G-
50) column of 1.2 mm diameter 19 cm height. The metal-organic compound was
eluted with distiled water and every 5 ml was colected in 10 test tubes. The
amount of Al and Fe in each test tube was measured by using the above
mentioned equipment. The optical density at 400 nm of the leachate in each tube

was also measured.

Water-extract from BD of 3 days incubation (1:10) was also fractionated in

the same way.

RESULTS AND DISCUSSION

CO2 Production from Buffalo Dung as Affected by Metal Compounds (Figure 1.)

Time course of 002 emission showed that, in general, its rate increased rapidly
during the initial period of 3 days, became slow at 1 week incubation more or less

constant afterward.

Metal compound were found to suppress CO,, production slightly during the first
3 days. This became evident at 1 week incubation and then gradually less
remarkable. Among the metal compounds, AICI3 was the most effective followed by
FeSO 4 H,O and polyhydroxy Al chloride (PAC).

Thus, the metalic compounds were confirmed to have ability in suppression of
BD, though the suppressing effect for BD was not so remarkable as that for the

well humified compost (Kobota et al., 1986).
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Figure 1. CO, production from incubated buffalo dung receiving metal compound

On the basis of Garrett’ concept (Garrett, 1951), the reasons for the
suppressing effect can be supposed as follows:

(1) Soon after incubation, when water-soluble good organic substrates
such as glucose were mainly decomposed by microorganisms. The metallic com-
pounds only slightly suppressed their decomposition, because metal-organic com-
plexes were hardly formed.

(2) At about 1-2 weeks after incubation, less digestible organic
substrates like hemicellulose were utiized by microorganisms. The metallic compounds
combined with there organic compounds to some degree so that CO, production
was clearly suppressed.

(3) More than 3 weeks after incubation, cellulose was a main organic
substrate. The metal compounds were not effective in suppressing its decomposition,

because cellulose was not a suitable compound to form coordinate bond.
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pH of buffalo dung-KCI extract (Figure 2.)

In the control plot, pH of the KCl-extract was about 7.7 at the start and
slightly increased with time, probably due to decomposition of dissociated acidic
organic constituents of BD. Addition of PAC of FeSO 4'7H20 did not lower the initial
pH but somewhat suppressed the increase in pH during incubation. Ttis may be
caused by gradual hydrolysis of the metal ions and bondage of the metal ions with
undissociated acidic functional groups of organic constituents of BD. Addition of AICI,
did lowered the initial pH to about 7.5 and strongly suppressed the increase in pH
during incubation. This must be a refiection of the fact that AICI, is stronger acid

than the other metallic compounds.

Futhermore, pH of all the KCl-extracts indicated: (1) monomeric metallic ions
could not exist both in the KCl-extract and in BD. (2) Fe® contained in

FeSO 4.7H20 was quickly oxidized to Fe® which was subjected to hydrolysis.

/o (o]
8 - —_— ® =
.ég A
A A A
I x x
E .l X
o
~ —O0— BD (control)
f; —e— BD + PAC
A
a 1 —x— BD+AlCly
—A&— BOD + FeSOk 7H20
o 1 i 1 ]

0 1 : 3

Incubation (Week)

Figure 2. Change in pH of incubated buffalo dung receiving metal compound.
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KCl-extractable Al (Figure 3.)

Figure 3 shows that the amount of the KCl-extractable Al was small at the
start and slightly decreased with time both for the control plot and for the

FeSO,.7H,0O plot.

On the contrary, the amount of the KCi-extractable Al was remarkable large

at the start, rapidly decreased in a short period and then gradually decreased
afterward for PAC plot and AICl, plot. This must be resulted from hydrolysis of Al
ions and binding the hydrolyzed Al with the functional groups. That is, a large part of
the hydrolyzed Al itself and/or its coordinated compounds with organic cohstituents

of BD were unextractable with the KCI solution.

Al content ( mg /100g air dry BD )

Figure 3.

y

3.0

O—0 BD (control)
2.0 - &—® BD.PAC(248 mg AL/100gBD)
%¥—x BD+AICl (“--cccocu- -")
A—A BD oFeSO,.'IH

20

1 . i . J

Al content in

1 2 3

Incubation period (Week)

incubated buffalo dung (BD) receiving metal compound.
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KC! Extractable Fe (Figure 4.)

In the control plot and the PAC plot, the amount of KCl-extractable Fe
gradually increased with time. This Fe must be coordinated with water—soluble humic
substances whose amount usually increased when organic materials were humified
(Wada, 1963). On the contrary, in the FeSO4 plot, the amount of KCl-extractable
Fe was very large at the start, sharply decreased within a short period and remained
more or less constant at low level. This suggested that hydrolyzed products of Fe
was difficult to be extracted with KCI and that organic compounds coordinated with

the hydrolyzed products of Fe were also difficult to be extracted with KCL.

In the case of the AICl, the amount of KCl-extractable Fe decreased with
time and almost unstable a few weeks after incubation. This may be resulted from
that the hydrolyzed products of Al (AICl) made the water-soluble humic

substances insoluble so that the amount of KCl-extractable Fe could not increase.

—o0— BO (contro!)

—e— BD+PAC

—_—— BD+Al(13
2.0 —A— BDoFeSO,.(370 mg Fe/100g BD)

1.0

Fe content (mg/100g air dry BD)

0 X —— 2
0 1 2 3

Incubation period (Week)

Figure 4. Fe content in Incubated buffalo dung (BD) receiving metal compound.
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KCl-extractable Humic Substances (Figure 5)

The amount of KCl-extractable humic substraces was estimated by OD at
400 nm. This OD decreased rapidly and remained stable in the following order:
control plot > PAC plot > AICI, plot > FeSO,7HO plot. Furthermore, these results

were in good agreement with those mentioned above.

25
o0—o0 BD (control)
e—o BD«PAC
2.0 - *—  BD+AlCly
B, aD.Feso,.'mzo
Py ‘_o
®~ 1S}
=
[ ']
o
p-4
c 1.0 ®
q
(@]
o
O.S_ i —A
— WS- X
o i 1 4 J
0 1 2 3

Incubation ( Week )

Figure 5. Optical density (OD) in buffalo dung (BD) - KCI extract. BD received

various metal compounds.

306



Suppressing effect of metal ions on decomposition of organic fertilizer

Fractionation of KCI Extract Using Sephadex Column (Figure 6.)

In the control plot, the OD at 400 nm had 2 peaks, the first peak being
higher than the second peak (Figure 6a). The peak of Al in control plot appeared at
the second peak but not at the first peak. This suggested that KCl-extractable
humic substances in buffalo dung was consisted of rather higher molecular weight
fraction and low molecular weight fraction, the former being predominating over the
latter. In addition, most of KCl-extracable Al was considered to be combined with

the low molecular weight fraction.

Addition of PAC did not affect both the amount and the distribution pattern of
molecular weight of the KCl-extractable humic substances (Figure 6b). However, the
amount of KCl-extractable Al remarkably increased in both the high molecular weight

and the low molecular weight fractions.

In the AICI3 plot, OD at 400 nm much lower than that in the control plot
(Figure 6¢) suggested humic substances was hardly extracted with the KCI solution
in the presence of AICl, This was especially remarkable for the high molecular
fraction. Elution pattern of Al was similar to that of humic substances. These results
suggested that in the presence of AICI, the hydrolysis products of AICI, were

effectively flocculated the water—soluble humic substances.

Addition of FeSO, had similar effect on the amount of KCl-extractable humic
substances as that of AICI, (Figure 6d). The amount and the distribution pattemn of
KCl-extractable Fe was also similar to those of KCl-extractable Al mentioned above.
These results suggested that in the initial period of incubation, strength of bondage
between humic substances and metal ions was decreased in the following order:
AICl, = FeSO, > PAC.
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Figure 6. Optical density and metal content in BD-KCI extract BD was incubated
with metal compound for 3 days before fractionated through Sephadex
G-50.
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Fractionation of Water Extract Using Sephadex Column (Figure 7)

To confirm formation of metal ion-humic substances complexes, the 3-day
incubation samples were extracted with water. All the water-extract were examined
for distribution pattern of molecular weight of humic substances and contents of

metal ions in each fractions in the same was as the KCl-extract.

As for buffalo dung, the amount of humic substances was larger and molecular
weight was smaller in the water-extractable humic substances than in the KCI-
extractable humic substances (Figure 7a). This implied that the water-soluble humic

substances were coagulated to some degree with KCl.

PAC somewhat decreased the amount of the water-soluble humic substances
(Figure 7b). This may be caused by precipitation of a part of the original water-
soluble humic substances with PAC. Most of‘the water-soluble Al was contained in
the high molecular weight fraction. Probably, only a small part of the added PAC

combined the original water-soluble humic substances.

AICI, remarkable decreased the amount of the water-soluble humic substances
and the amount of the water-soluble Al was low (Figure 7c¢). This must be a
reflection of that bondage between humic substances and Al was abundantly formed
and the water-soluble humic substances was more or less completely precipitated
by addition AICI, |

The amount of the water-soluble humic substances was decreased with
FeSO, in a similar way as with PAC, though the high molecular weight fraction was
less decreased with FeSO,.7H,0O than with PAC (Figure 7d). A rather large amount
of water-soluble Fe was included in the high molecular weight fraction. These results
suggested : (1) formation of bondage between the humic substances and Fe was
not abundant, and (2) some water-soluble non-humic substances protect Fe-

hydroxide colloid against precipitation.

These results were in good agreement with those mentioned above.
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GENERAL DISCUSSION

The present experiments demonstrated that Al and even Fe compounds had
ability to suppress microbial decomposition of buffalo dung, only weakly humified plant
debris. The suppressing effects of these metalic ions for buffalo dung were less
remarkable than those reported previously for well humified organic debris by Kobota
and Wada (1977).

Stevenson and Ardakahi (1972) wrote that evidence for complex formation
and chelation by humic substances has been based upon the inability of
exchangeable cations such as K to replace adsorbed micronutrients. The present
experiment shows coincident result that both Al and Fe ions can combine with

organic compounds of buffalo dung.

Formation of strong between metalic ions and functional groups of organic
compounds must be a prerequisite of protecting the organic compounds against
microbial attack. The functional groups, site of microbial attack, are blocked by being

combined with metallic ions.

As for formation of strong bond between metallic ions and humic substances,
as early as 1931, McGeoge observed divalent cations were more tightly held by
humic acid than monovalent cations. Schitzer and Skinner (1963 a, b) found that Al

which was combined with organic matter was hydroxylated and had average

composition of Al(OH)?".

This is natural, because metallic ions must be strongly combined with organic

substrates for suppressing their microbial decomposition.

CONCLUSION

The present experiment manifested that Al and Fe compounds could suppress
microbial decomposition of buffalo dung to a certain extent through formation of
metal organic complexes. Amoung metal compounds, the suppressing effect
decreased in the following order : AICI, > FeSO,7H,0 > PAC. Bondage between
metal ions may be very weak for the water-soluble organic compounds, somewhat

strong for the hemicellulose-type organic compounds and weak for microbial debris.
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Formation of metal organic complexes was suggested to be polyhydroxy Al and
polyhydroxy Fe combined with humic substances exist in buffalo dung. We hope that
the above results can be applied to stabiize soil organic matter in tropical region.
However, further research in various kinds of organic matter and of metal compound
should be conducted in a similar manner and expecially to infertile tropical soils of

low organic matter content.
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COMPARISON OF DIFFERENT PROCEDURES FOR THE DETER-
MINATION OF AMMONIUM IN SOIL EXTRACTS
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Comparison of Different Procedures for the Determination of Ammonium in Soil Extracts

in the soil extracts does not change during storage for at least 5 hours. The same result was
found when this soil was shaken for only 30 minutes instead of the conventional 2 hours. The
concentration of measured NH’4 was not influence by shaking time and standing time.

INTRODUCTION

The determination of NH' 4 In soil samples is still problematic. The results of
the NH' 4 determination are varied due to analytical procedures. Moreover, the
conditions such as drying temperature of the soil and time of measurement after
extraction may influence the results. It was assumed that when soil extracts are
measured at high pH more NH" 4, Might be found due to hydrolysis of organic nitrogen
in the extracts during measurement. The study of Bogdanovic (1989) proved that
the ammonium concentration was higher at high drying temperature (105 °C) than at
low drying temperature (40 ‘C). She concluded also that the ammonium concentration
was higher when using a continuous tlow system (spectrophotometric, CFS) than
using a chromatographic detection procedure. Villalobos (1989) reported that 0.01 M
CaCl, soil extracts could be analyzed for ammonium concentration by using the
ammonium gas-selective electrode when the concentrations is higher than 3 x 1078

M which equals 0.42 mg NH",-nitrogen per kg dry soil.

The am of this study is to compare the ammonium concentration in 0.01 M
CaCl,, soil extracts by 3 different procedures : an ammonium-gas diffusion electrode,
a CFS and high pressure liquid chromatography (HPLC). The influence of time the
measured NH* 4 concentration on stand leaving the extracting solutions was also

tested.
MATERIALS AND METHODS
Soil samples
Six soil types in the surrounding of Wageningen, The Netherlands, were

selected. The soil types differed in chemical and physical properties. The name of

the soil types are as follows:
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Veenendaal : a peat soil, Uiterwaarden : a calcareous river clay soil, Droevengaal a
sandy soil, Engsoil : a sandy soil rich in phosphate, Nude soil : a river clay soil, and

Heide : a poor sandy soil.

After mixing, each soil sample was divided into two parts : first part was dry
at 40 ‘C (with ventilation) and the other part at 105 ‘C. Thereafter the dry soil

samples were throughly mixed and ground to the fraction < 2 mm.
Extraction

Eight g of each soil sample was weighted out and placed into 100 ml
centrifuge tubes. Then 80 ml of 0.01 M CaCl, was added. After adding the
extracting solution, the soil samples were shaken immediatedly at room temperature
for 2 hours. After shaking, the centrifuge tubes were centrifuged for 10 minutes at
2000-2200 rpm.

\

Procedure

'f
\.
Clear supernatant were used for the determination of ammonium by :

Measurement of NH' 4 With an NH,-gas diffusion electrode

1. The standard series had NH, concentration of 1076, 3x1076 1075,
3x107° 3x10™% and 1x1073 M. ‘

2. 50 ml of the standard series as well as the clear supernatant (soil ex-
tracts) were used for the measurement.

3. The electrical potential for each sample was recorded at 0.5 minute
intervals during a period of 5 minutes. Each standard solution and soil extracts was
measured at least in duplicate. Since the readings were not steady, the values were
chosen when the variation of potential was 1 mv/30 seconds, both for the standard

series and soil extracts.

Measurement of NH' 4 With a CFS of ammonium were done by Mr. Heij,
Department of Soil Science and Plant Nutrition, Wageningen Agricultural University,

The Netherlands. Briefly procedures are as follows: NH"4 was determined
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spectrophotometrically with the Berthelot reaction, in which a phenol derivative
formed and azodye in the presence of hypochlorite and salicylate. The extinction of
the formed indophenol blue complex was measured at 660 nm and was in relation to

the concentration of the ammonia.

Measurements of NH' 4 with HPLC were done by Department of microbiology,
Wageningen Agricultural University, The Netherlands. Principles of the measurement

are as given by Hasset (1982).

RESULTS AND DISCUSSION

Ammonium concentration measured by ammonium gas-selective electrode and CFS.

Six soil samples were extracted in duplicate. 50 ml of each clear extract was
pipetted to be measured with the ammonium gas-selective electrode. From the
same extracts, another 15 ml was pipetted and analysed by using CFS. The results

from ammonium gas-selective electrode and CFS methods are given in Table 1.

The results from Table 1 (40 °C) show that most of the values obtained with

CFS are higher than the values obtained with the ammonium gas-selective electrode.

The results from Table 1 (150 ‘C) show that, however, most of the values
obtained with the ammonium gas-selective electrode are higher than that obtained

with CFS except for the Droevendaal soil.
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Table 1. NH" ,hitrogen concentration in soil samples extracted with 0.01 M
CaCl, soil extracts as measured by an ammonium gas-selective elec-
trode and CFS.

NH" 4—nitrogen conc. (mg N/kg oven-dry soil)

Soil samples
Gas electrode CFS

Replication 1 Replication 2 Replication 1 Replication 2
Dried at 40°C
Veen. 1.24 125 1.96 2.06
Uiterw. 1.54 1.68 1.94 2.55
Droeven. 2.21 2.18 2.41 2.41
Eng. 462 5.23 5.86 5.56
Nude. 3.39 3.18 3.26 3.37
Heide 5.24 5.42 5.83 5.83
Dried at 105°C
Veen. 16.59 16.44 13.55 13.45
Uiiterw. 17.60 18.98 15.76 16.46
Droeven. 5.33 5.89 6.11 6.11
Eng. 12.90 12.56 11.72 11.62
Nude. 12.09 11.95 10.94 10.94
Heide 10.38 11.25 10.32 10.62

influence of time on the ammonium concentration

The Heide soil dried at 40 ‘C was chosen for this study. Eleven sub samples
of this soil were extracted and the shaking time was 2 hours. After centrifuging, the
soil extracts were measured at different time intervals using the gas-diffusion
electrode according to the procedure described before. The initial measurement was
made at 15 minutes after centrifuging and there after using 30 minutes time interval.
The results from Table 2 show that there is hardly any influence of time (up to
about 5 hours) on the ammonium concentration in the soil extracts. Therefore, it can
be concluded that the soil extracts can be stored at room temperature up to
approximately 5 hours (after extraction) without any change in the ammonium

concentration.
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Table 2. Influence of time on the ammonium concentration in soil extracts. (Shak-

ing time 2 hours).

Time after contrifuging (min.) NH', concentration mg N/kg oven dry soil

0 5.21
15 5.35
45 4.65
75 5.42
105 4.86
135 476
165 517
195 4.96
225 518
255 5.46
285 563

Influence of time and shaking time on the ammonium concentration.

The Heide soil dried at 40 °C and 105 ‘C were used. Eleven sub samples for
each drying temperature were extracted. The shaking time was 30 minutes instead
of 2 hours. After centrifuging, the clear supernatants for all soil samples were
pipetted into clean vessels and then well closed with a covers. The first
measurement was made at 15, and thereafter 30 minutes time interval. The results

are given in Table 3.

it clearly show that there is no influence of shaking time (2 hours)
and standing time on the measure NH',-nitrogen concentration in the Heide soil
(Table 2 and 3).

319



Journal of Agriculture 7(3) : 314-322 (1991)

Table 3. Influence of shaking time and waiting on the ammonium concentration

(Shaking time 30 minutes).

Time after NH", conc. (mg N/kg soi)
centrifuging (min.) Heide 40°C Heide 105°C

0 493 9.67

15 494 10.94

30 485 10.24

60 494 11.22

90 5.00 10.66

120 5.49 11.36
150 5.07 10.66
180 5.21 10.80
210 5.07 11.36
240 493 11.36
270 514 11.22

Comparision of the ammonium concentration measured by CFS and HPLC.

Veen. 105°C
Uiterw. 105°C
Heide 105°C
Veen. 40°C
Uiterw. 40°C
Heide 105°C

Standard solution of 3 x 1075 M NH3

The Veen. 105°C, Uiterw. 105°C, Heide 105°C, Veen. 40°C, Uiterw. 40°C
and Heide 105 °C soil samples were extracted with 0.01 M CaCl,. The shaking time
was 2 hours. After centrifuging, 20 ml of the clear supernatant was pipetted into
100 ml ‘erlenmeyer 