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Nipat Thanimmarn 2011: Use of Perlite, Chicken Manure and Zn Foliar Application for
Improving Yield of Cassava Grown on Yasothon Soil. Master of Science (Soil Science),
Major Field: Soil Science, Department of Soil Science. Thesis Advisor: Assistant Professor

Somchai Anusontpornperm, Ph.D. 96 pages.

An experiment was carried out in the farmer field at Ban Kud Muang, Takhian sub district, Dan
Khun Thot district, Nakhon Ratchasima province to study the effect of perlite, chicken manure and zinc
foliar application on yield and concentration of nutrients in leaf of cassava grown on Yasothon soil (Typic
Paleustult). Factorial in Randomized Complete Block design with four replications was employed. The first
factor consisted of no soil amendment, application of 500 kg chicken manure per rai, 100 kg perlite per rai
and 500 kg chicken manure + 100 kg perlite per rai. The second factor comprised no foliar application,
ZnSO, foliar application at the rates of 3 kg rai applied at 1-month old (one time), and the same rate for
each application at 1-, 2- and 3-month old (three times). All plots were added with 15-15-15 fertilizer at the
rate of 100 kg rai (split into equal amount and applied twice at 1- and 3-month old). Soil samples were
collected for examining the change of soil properties as affected by soil amendments. Cassava leaf was
collected at 4-month old for nutrients concentration analysis and cassava yield and parameter involved were

harvested and recorded at 10 months of age.

It was found that application of chicken manure gave the highest fresh tuber yield of 3.59 tonnes
raiil, which was statistically indifferent from additions of perlite, and perlite plus chicken manure but
significantly greater than the treatment with no addition of soil amendment (2.87 tonnes rai-l). Plant survival
rate had the same trend as of fresh tuber yield. In addition, chicken manure application also had clear effect
on the increase of aboveground biomass. Use of perlite together with chicken manure tended to give the
highest starch yield of 919.1 kg rai . Zinc foliar application (three times) was likely to offer the highest fresh
tuber yield of 3.51 tonnes rai and it resulted in significantly higher starch percentage (26.9%), starch yield
(955.8 kg rai_l) and survival rate (90%) than those without Zn application. However, the interaction between
soil amendment and zinc on plant performance was barely clear. Addition of chicken manure with three
times Zn foliar application tended to give the highest fresh tuber and starch yields of 3.88 tonne rai ‘and

1,046.3 kg rai ', respectively.

A single Zn foliar application at one month after planting induced the highest amount of P
concentration (3.1 g kg_l) in cassava leaf. The use of perlite enhanced the highest concentration of K in
cassava leaf with the value of 12.7 g kg>1 and chicken manuring gave significantly higher concentration of
Mg in cassava leaf (8.9 g kg_l). Applying chicken manure together with perlite increased available

phosphorus content left in the soil and tended to lower soil bulk density and increase hydraulic conductivity.

Student’s signature Thesis Advisor’s signature
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1n3 (Chesterman, 1975)
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auiia ey
ANUUAIANINATTINUDA TUH (Moh’s scale) 2.3-2.8
ANUD NI (NFUADNAAANT) 5.5-7.0
IAraNIA) (03rIsaITe) 41-71
ATTTUNNILLE 1.490-1.610
‘ﬁ?ﬂ: Chesterman (1975)
a1ai 4 eastlsznoumanillasin lvesls To'lad uaziwelad
pansznou 1570'lad (%) o lad (%)

SiO, 71.33 72.58

ALO, 14.77 12.57

K,0 4.57 5.68

Na,0 3.58 1.49

Fe,0, 1.82 0.83

CaO 0.80 0.88

TiO, 0.42 0.25

MnO 0.10 0.04

P,0, 0.07 0.05

H,0 0.16 435

n: 1A (2538)
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3.3 maldlse Teminume lad

J a J o v a
UszTeminemainuasvosiume laa Ao 14 lunmsinuwazdSuanmvesau
' J a 4 J va of !
Tagms ldme ladwauaslIudu esnin me laaliquani@iluaisgaduing uaziinim
wiuludige Jemedsuanmaulnsuee tazdsamnsorieinyaugasznitalsmuves

Y
Huwazomaluaulddie (i, 2538)

aw ' ] s A I
WAN13390U0Y Akcay and Kylyne (1999) Wy lumsldiwe laqiiverfuans
o @ a 4 o A 3 o & aa I
Ysujeamsgadulusssuana elszgndlunsdanadomiv e laddeligan (sio,) 1ilu
4 ' { [~ aa B .
pensznouegiooay 70-75 szamnsonlasu liifluganalugidarsazale (soluble silicates)
s & ' { o
a0 Tadenleasonloq Fevzegluanminiunsa nazinmsnedniulalaswa(hydrogels)
Yy o & @ Y Ao 1A o A v ¢
wieununaeuwes 15198 (xerogels) Tuamunurs ldtsgnaredinvenlaiuiume lad
= J Yy . . dy Aa
wasgmluglvesasazareTmdoyTansonloq 1dun vuiaeynIn (particle size) WUNAY
U (specific surface area) YUIA LASUTUINTUOITOII (pore size and volume) LAZAIY
] a Y 1 a 4 J dy
WUMUUYDIRIMTIV09%1Y TenT0NTa (surface hydroxyl group density) 1o laAuasgudl lu
gl o { < < [ 4 a A
iminh 20 % ww) wlFlanalumsiuavewdsluneduiivedis Insulasns il B
1 091’ o 3 o ] @ <
Tnaniu Saldfudrgadugisiiendumanlugdleossu (U0,” uaz Fe™) nasazarelag

miaaudaune lag

[
o 1

1 S A a a
ﬂ1§16lWi’]llfW]‘V]‘JJSU‘Ll”Iﬂi’]léﬂ”lﬂ%ﬁiﬂlﬁﬂﬂﬁl”l 9 Valseum 12 Yaawas o
El '

] o 9 1 1 a AaK = o 031’ v o Y A A o
GmsmﬂwmmTﬂ'Nuazﬂamsuu«gammﬂuﬂmmmzummammm NIYINMUUINTUDUA
1 a 1 9 a 1q Y @ d‘ @ Y A
AIOITITAN ) NNTITUBIA ﬁ”lll”liﬂGH'JEJ‘WEJQTﬂiﬂﬁi”lﬂﬂulluiﬁEJ‘]J@]'JLI!’E)Q‘I]”Iﬂﬂ1'§ﬂﬂ‘ﬂﬂ]’lﬂﬂ y
<3| 1Y Y a g ' 9 A 1Y Yy 19
g unuINAUANNSoUNNETTNNA TumsHeunateaNuIaundsaunaonIu lvndu

A A d' ya d a LY 9 wady a a [ d

Hyuazsnirnegldau melaamamsveedd awnselsaniailumsndandaduaia o
o oA Y Jd a 4 a o '

15z Tonildunine Taswelaannin 2 Jeudaeil5um 1 gnunana (32 Alansuae
J = J J a [ J o Y

gnIANmAs) 949 15 Yeuddegninenila (240 nlansudegninanmas) ansorimnlely
4 A 1< Y A o Y [ o o A o3|

m3nsed lumsissgndnafivaiu iuauiuiulinsenuanudon Wluanivnes uaziiy

aiulszneunig d| L?Juéfu (World Trade Organization, 2003)
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]
J a [

ya lnidluilenenyiianilsiidsmausinerandnifuilse Tomidediy laondoga

1+

nfleyany yads yanszieoawdwy luyalnlisig lulasnuiesas 1.2-4.9 Woawesases
4

= Y A (A A <3 Y v
e 1.2-94 LLﬁ$IW!mﬁL°D'EliJiE)Elﬁ$ 0.5-4.2 uazuﬂiw1mi;aﬁ1@;a1mﬁeu 9 NUBY (FUANA,

2521; A3 ianen, 2548; ASun3, 2553; duQNT, 2553; Prasad and Power, 1997)

Usgad wazame (2550) iimsanw ldileyalinauunaudnsi o, 4, 8 uaz 12 Auso
[N [ 9 + = [ a [ 1 1
15 SawnumslddJeniigas 15-7-18 Tudas 0, 25 uaz 50 Alansuaels lunlasnaasves
A o o % o % 1 [
quittenazianiudlznas a.dre0 o.M uyuna 9. uATTIEN sTeza1 1Y wud s

Y v
lafloyalnnauunan 6as 4, 8 uaz 12 Auae l5ifiesedrufen Ihihminnandaiigamae

1+

M 4.7, 4.8 1aE 4.5 Auas 1Sua19U Fauanaeandsun luins laileya lanauunay

q U

d! Y 3’ Y a [y [} 1 1 1 1 v Y] 1 LB [ 1
e ldhminnanaaiiaa 3.9 duaels uaznisldijoyalnonst 8 duaelssaudumsld

U

A o a @ ' 1A 9 Y :j 7 a Y = A o 1 1
YLANDNT 25 ﬂjﬂﬂill@]’f)"liiJLLu’JTuiJGlﬁUW‘Viuﬂ HAWAAYITAIRAYTIYAAND 5.2 9]1!@]’8)]15

£

[ [}

yauzhdsui lildie ldnanaainiudulzndaamasdiga (3.4 duse'ls)

m3snaaeslugaaulniy szoznar 17 wu1 msldyalnludasi 500 Alansuae'ls

E4 . H
Tinandaiaagadiufie 9.8 dusels Warisudums luldya lnnldwanaaiios 5.2 duae'ls
nazwandaiiaavowiudilendadinuaTidugege eldijoyalndas1 s00 Alansuaels

Q Rl

[ a

sawnuiluaiionst 50 Alansuaels Tasliwanaainiudrlendeaagainy 10.5 Auaels

(318 Lazay, 2543)

a 1 o

graanlgnludusiuilunsiengudive

e
)}
—_
) I
Do
]
=
ane
o
Ze
=
Do
-
(=

=2 (Y 1+
MIANEI9AIINT lai]e

=K o

A 1 ~ = J A av o Jdo J + 1 + = :
wylsguasiwsiil szezna 1 3 wun lifdgduiusiuszrindeyalnnazdlonil dagdu

a [

dlzndsnovdussaons lgifoyalnonsi 400 Alansuaels Taeldnandanuiudilznas

Y a | -Y Y] 1 1 o w d! 1 1 1
LIRINEE uazﬂimmuflqmmu 6.9,2.9 llay 2.2 @ll!@l@hli@nNQWWU Glf\ithLMﬂﬂNﬁmﬂﬂ']iGlﬁﬂﬁl

E]

Y a o v Y Y 1

ya'lnoas1 800 Alaniuee 15 N1inandamudraudeduminy 7.4, 3.1 uaz 2.4 Auae'ls ua

1
J [ an XK

gannms lilafleya lnedredivedidynieatd ¥ ldnandaminy 5.8, 2.4 uag 1.9 duso I3

9

= o

MUAIAY (31999 HaZANE, 2548) UAINMIIANEIOATINI ladaalsulaudmiulu
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Slzudafivgnlugaduansunazgadue Tass fdeauiluausnlunseluia
uAITIAY szeznan 1 U wudimsldyalnoas 1,000 Alansuaels HuurTviuldwanda
wiudnlendaaageiiganiiiy 3.10 fudels sesaaun 18ud msldfiudusas 200 Alansy
aels waznsldudusns 200 Alansudels Faldwandniiudzndeaaniiy 2.67
waz 2.66 Auae'ls muddy daudizud lifns ldSanusudseduiiun Tl dnandaiai

dlzvdeaadiganiny 2.57 ause 13 F3uns, 2553; dugns, 2553)
5. danzd

o A J & A g a 9 .
dane@milugasige1nins FanydoanisludSunatios (s9gns, 2549; Havlin et al.,
o a o @ o o 1 Aa Aa A A a @ =
2005) denzdlinnudnguazsuiluaemsniyan Tavesiy siniesganudinzdluglvesla
J o = 2+. ' " - v v ' dgl o gi’ a
Nauddanzd looou (Zn”) Taeuns (diffusion) M1UIIN BATIANIUNI dZVUNUANLFU TUAY
v Y
(A5, 2548; Kickens, 1995) Taona lilszdunsiauaauduinga (critical deficiency levels)

S

voadanz & luluisdiaidindi 15-20 aansuden lansuvealuuite (Polar, 1975) ANMTNAL

'
% a a o 1A

yosdanz@nina ldeaniseglugie 25-150 HadnSuaen lansy (Havlin et al., 2005) dangd

[ 1

= d' ) a a A % d”

Hunumnd AN TRTuas Tnueanes Adil
o ax [ 4 A I 4

5.1 denzauunumlunszuiumsduasiziuasvosns  laodlulauamesvos

4 4 a =& ] o 1 A Iy A

ulsimivetinuoulamsa Ferrolumssnuiauaasznite Co, ag HCO, alwii CO, 7
a J o @ o J

avanelulyIngea (cytosol) Vol IsWad (mesophyll) {iganodMsUMTTUATITHIA

A o '

dyw [ =S o a A Y
wenInHdIne @nnuswny Tnumagsenlumsarugumsauazitavesthnlu e v co,

'l ln I8Aui (pagns, 2546, 2549; Havlin et al., 2005)

[ ad J o < L4 a [ 4 I A
5.2 ?Nﬂxmﬂumﬂﬂizﬂaumﬂmﬂmmu"lcvu‘wmwuﬂ LYY %Lﬂ@ﬁﬂ@ﬂq%ﬂﬂﬁﬂﬁlﬂﬁ

s a oA
ATTUBDUN Llﬂuhlﬁlﬂﬁﬁ Lzamau"lcm’ﬁu il (ENEJ‘Wﬁ, 2546; ﬁiJufUU, 2548)

[ a Yy a < d =\ =l
53 ﬁ\‘]ﬂ$ﬁ%?ﬂﬂizﬂuﬂi}ﬂiiu"uﬂﬂmuq%u YU ﬂllﬁliﬂiilmﬁ LLﬂaTmaﬁ Il’f]I“llelﬂ!iﬁ

uaz nudvloaneSiad (83gns, 2546)
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o as AaRK a g s 3 1 [ Ed

54 Az ANUNUIMIBUNVOATUUDIADUIBLALDITIOUD  FIBIUNTTUATILH

a { ] [ 4

Tis6u aszvrumauunueazuvedlulasnuluiy Tasiynunadinedaziimsdunsizy
o a o 4 [ o <3 P

TdseuanasildimsazaunsaoziTulusadiy wWiesanmsvadanzamiou lyuni

(% A J a @ o =
ﬁﬂﬂ%ﬁlﬂu@iﬂﬂﬁ%ﬂﬂﬂﬁq&]ﬂ‘ﬂﬂiiﬂﬂuﬂi%“ﬂ’)uﬂﬁﬁﬁLﬂ‘ﬂ%‘l’iiﬂ‘iﬁu (Mengel et al., 2001)

[ o @ a 5 I 091}
5.5 dangatiunumdinglumsadiamTy Taniu (ryptophan) Fuiluesasduvesns
o s Y A s A Y Ad g o A Y
d9n3121 807 lul TIAA (Indole Acetic Acid) 1a8d03 Iyl IAA UniANdAQAo NIzAUMS
4 a a o 1
Yeeranuaznss an InresdIAu nszdunsuansin uazmsuanlugou (s9gns, 2546;

qUYWY, 2548; Havlin et al., 2005)

Y A (% 2 A A ' A = ~ =
DINFVIATINS T DINTTNLAAIDDN AD GL?JE’J’E)I!?JE‘TLWE]BQ"H@ Llﬂ$ﬂ§1ﬂgﬁﬂn')ﬂ§$ﬂ§18
] ~ 9 3;’ = [l A A [ ag 1T A a A a
@]"IEJLLN‘MGLII Tﬂﬂmﬁuiuuummmag 5”IﬂGU’EN‘W“])"Vlm1ﬂﬁﬂﬂzﬁﬂﬂ31ulﬂim@1uﬂﬂﬁ 19 8TUY
Vi o Ad & o v a A s A s A Ao a4
"I,ﬂ’ﬂ Fenza@uwduaIrIen1sa3 1900 NFU maaaﬂuuiuwcy aaﬂmuiuwwﬂmummﬂﬂ
A 9 [ =1 9 a 39 A A a A o 9 T A a
tazNUa1esn ovIedInsanIsas19eenFuUNtogadrsonnlna uwamﬂwaaﬂllumaulmﬂ@
3 (B a a =2 Ao qg.: 1 a A A o ac [ 1
iWﬂﬂVlNﬂﬂﬂlﬂiﬂJLﬁUIﬂ SINNNanyuedUnMUnd w«wmmamzamz"luﬂamnumﬁmaz
Y ] [ @ A a I I .
UANIDU "lu‘nuﬁaﬁmazwunm 1UW%%$Lﬂﬂﬂ1‘i\1@ﬂ!ﬂuﬂi$‘gﬂ ﬂluWﬂiU!aﬂa\‘i (Havlin et al.,

2005)

[ d’d 1 [ = (% o [ 9 1 o =Y 3’ d’ a
Madeninananisviadeangdvesiudilevas "lmm ﬂ1iﬂ1LUUﬂ15ﬂQﬂGﬁ1ﬂlﬂN

a 1w

I a a4 o ~ 1 o = 1 = 1 '
Aasenulunanunatedullsunumsiinuasns laflesineisnaniieseda@en ua laj
=\ 1 1 9 1 a Iy 1 d?’ (% A
imsldyasigiaualsazduasulniinsnagasine1misiiediu (Jae wazaue, 2547) 130

a 1 Aa o ° I a { N o
ludunsreniilSudingdd vieluduiiiolu (calcareous soils) (Havlin er al., 2005)

A da A (a = J 2+ a aaa
HennInAUNUTULAAIFIUAITUDIUA (CaCO,) 93 Zn ‘ﬂmﬂﬂﬂgﬂimﬁﬂﬁgﬂ’ﬂu

o

. aaa o . [ J £ g 1A Jya 1 dy
(coagulation) uazﬂgﬂimg}ﬂmu (adsorption) NUATITUDLUA «mLﬂumgmﬂwmmmﬂmummu

=S

viadanzdlugiiiilulse Tomidefiy msudilymiinldijodanz d1ug1 zn-chelate

pIimsviadanz dvesiadanylaluauniidsualearesage iesnnroaresa

= v A v A

1 Aa Y o < = s A <
fmmiuGl,wmfwﬁﬂﬂcﬁmﬂﬂumwmﬂmaﬂuazﬂzgmuau”lamaﬂ“lcmmﬂmaﬂ uag

Y
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4 ] Y
(Loneragen et al., 1979) HanNUUNUNNUNITNTOUVIAY Iagautiaziil (Havlin ef al., 2005)

= ] [ A v Yy 9 9 v I~
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1 1@ [ 4
M13NAABIVDI Ghosh and Nair (1984) WU Msladanz@dama vousnd uay
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9. m?mﬁamiﬁﬁnﬁumﬂaummmsgm (LS‘U, 2542; Soil Survey Division Staff,

1993)
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5. MIUNUNIDYNAY
< o 1 a A = dy ] I 1 Y
MINUAIE AN sEnoUMSANEIHILIeRNY 3 U ulﬂ!l,ﬂ
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5.1 AUAMMUYDINUTNARDN (site characterization) TAThdpyadnbaZAUA N U
A 4 Y= Y =< \ Y o a ¥
W Tagyanquliiyuandng 1.5 was 812 2 13 an 2 was anuaanindaaulvaiuse

< @ a a o o a v Aa 1

wourudugInewesduluauy Fnmanadeunienidiesuenihdaaulunday
o a a 3 o "\ A o A ] & o Aa Aa .
FUAY (131, 2547) waziNudredaunangnIunIuuag lugnsunIumusuininAy (genetic

v a v a a o an
horizon) wamiﬁﬂmaﬂymzﬂumtmuﬁfmu“l%“lummuwumm ATUNGT (2553)

< o 1 Aa 1 ~ [ = 9 1 Aa ~ =
52 manualedlauneullgniiszauanuanlaun Auvunanudnilszuia 0-30
Y v Y
FFUAUATUAZAUTUANNTLAUANNAN 30-60 (FUAUAT HAZUUI0DNFUAL LN 2
a o A 9 a Id 9 Aa wAa 1 I~ Y] 1 ] o w 1
nlansu e ¥ lumsinsigluneal Jiians Tasmsquinualedianauasuaziingiodi

A A Y 1 09/’ = Y o &
mw%“lmmaxwmmanmwauﬂqmﬂmﬂu (composite sample)

I % 1 a 1 <} : Aa o o [ o
5.3 MINUALINAUNDUMSINUNINananud 1 asdszanm 1 Lﬁ’ﬂu TagR1ns

wuluynnlasdes Usznoudae

Y ] a A . . < A Y = Y
5.3.1 @IBYINAUNYNTUNIY (Disturbed soil sample) tNUN 2 5AVAIINAN Vlﬂl!ﬂ

0-20 1AL 20-40 IFUANAT

]
a A 1

o ' <3
53.2 fred1eaunluansuniu (Undisturbed soil sample) Iﬂﬂi%}ﬂizﬂﬂﬂm‘u

U

@ 1 a < { 1] o v @ [ a $ < o 1
A79819A1U (soil core) INVNTZAUANVANALINUAUAIDENAUNYNTVNIY TAsNUDUTUTO
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6. MINATIZHAY
a 4 A arAa 4 a
6.1 MmynaTzHantanaianduesdu

[l a a I~ @ [
6.1.1 ANUUUIUUIINVOIAY (Soil bulk density) Ta8IT 19nszuaMAUAIDE

aunluianeTaseadha (core method) (Blake and Hartge, 1986)

v ' Y
6.1.2 anmini1vesAuynedNAIA81I1 (Saturated hydraulic conductivity) 1ag

Y
lwdsauviiiuuals (variable head method) (Klute, 1965)
6.2 MINATITHaNTAMIAvoIAY

=\ a . 9 d' A v A a Y o 1 a 1
6.2.1 VAU (Soil pH) TaalHinTesleIaiesau (pH meter) 1¥0A518I1UAUAD
Y

1 azAuAeaIsaza1y 1M KC1mnY 1:1 (National Soil Survey Center, 1996)
622 MsueUBUNTE (Organic carbon) Tae75 Walkley and Black tritration
(Walkley and Black, 1934; Walkley, 1935; Nelson and Sommers, 1996) i ldfuan
UsinasunieingTuau (organic matter) Tagldgasdail
Organic matter (%) = %Organic carbon x 1.724

6.2.3 Tulasausiu (Total nitrogen) Tne7s Kjeldahl method (Jackson, 1965)

6.2.4 VeavleSamilulse ol (Available phosphorus) Tne7s Bray II (Bray and

Kurzt, 1945) taiadsunamleanesadieniod spectrophotometer

6.2.5 Tnunadouniuilsz Toand (Available  potassium) 1ag3TAsafindle
A J Y o a = Y A
#1582819 1M NH,0Ac MiYJunaid (pH 7) (Pratt, 1987) udrindlsua Inunaidouaoniod

atomic absorption spectrophotometer
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aa

6.2.6 annnsanana'la (Extractable  acidity) ICYE barium  chloride-

triethanolamine T pH 8.2 (Thomas, 1982)

6.2.7 wasiunana'’ld (Extractable bases) U5z NoUAIS UAAITEY U THT oY
= = as v Y A d
Tadon uag InunaiFeou Tagismsanaaloaisazato IM NH,0Ac Atflunais (pH 7)

(Thomas, 1982) warialsuanuadlensed atomic absorption spectrophotometer

6.2.8 Anuguaniasuuanleool (Cation exchange capacity: CEC) 1agn1ivy
Y A g A ~
azaouna lopoudlsa1sazals IM NH,0Ac Miiluna (pH 7) uazunuiuou Tuiiey looou
Y = % Yy 9 9 A o ~
dreasazarg lafenaae lsaanuuiuiesas 10 luamnindunsa ndurwen Tuiiswy
lovou udrdwramainnuyuaniasunna looouuesdn (Chapman, 1965; Summer and

Miller, 1996)

6.2.9 $08aYANBINANVA (Base saturation percentage: %BS) ATUIUIINAIUDY
v k4 v
YSauvasiunana laneavua tazaammnnsaianald (Thomas, 1982; National Soil Survey

Center, 1996) 91NgA3

Extractable bases

Base saturation percentage = x 100

Extractable bases + Extractable acidity
S o 1 A a ¢ A
7. MANUAIDYINNBUASNITUAIICHNY
a 4 Yy 9 o o @
7.1 ﬂﬁ’JLﬂiW‘Hﬂ’NN!fllllGU“L!GUfN‘ﬁWE]fJ']ﬁ'lﬁcluclﬂlluﬁ']ﬂgﬂaﬁ

1 S W 1 O v ~ Y A Aad A v 1 A
qmﬂmmmﬂwumﬂwaﬂum 5 L!UﬂWﬂﬁlU‘ﬂﬂﬁmﬂﬂllﬁ’)ﬂ1ﬂﬁ’)uﬁl@ﬂ noly 4
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won hluisuevudangungil 60-65 esruaadeod iunar 3 Ju sudrediudaaiin
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AIDYNNTUIUUNAIN ‘]_Iﬂcl‘]J‘WﬂfTIllﬂ‘l‘ViﬂzL’E)Elﬂﬂ’f)‘LlLl”Ill']J’Jlﬂ51$WﬂiiJ”lm‘ﬁ"I@]‘@”lﬁ"li@]”liJ’J‘ﬁﬂ”li

E4

=
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7.1.1 Usualulasunue Taen15600@10819NW A28 H,SO,-Na,SO,-Se
(digestion mixture) (Gallaher ez al., 1976) 13330 71¢¥1311% Tae3Tn3nau TAe3535 Kjeldahl

method (Jackson, 1965)

7.12 Ysuueaeianivua Taon15008A20619878 H,S0O,-Na,SO,-Se
(digestion mixture) (Johnson and Ulrich, 1959) udr el laeds vanado-molybdate

method (Westerman, 1990)

a = = s A <3 o = =}
7.1.3 ﬂill"lil!I'WLWIﬁLclffJiJ UAALKIN LUNULIBYIN (VaD aNSd UINNTUA U
Y
NOIUAINIHYA Tﬂﬂﬂﬁﬂ@ﬂﬁawﬁj’m digestion mixture (HNO3-H2804-HCIO4 acid mixture)
a 4 a 4
(Johnson and Ulrich, 1959) nazIns1znlsuiadlonios atomic  absorption

spectrophotometer (Westerman, 1990)

Y o o [ < { a § o o [
7.2 ANBAUENINNENINVOIN U1 rias Lﬂﬂlﬁﬂ?eﬁjﬂyjauagWaNaﬁLﬁ@Nua1ﬂ$Wa\i
A ddy A g A ' w
91g 10 (DU Iﬂﬂuwucﬂlﬂﬂlﬂﬂjlﬂ']ﬂﬂ 30 M3 NVAT

Y

2} @ 1 A A 3 &£ Y 1 o v 9 Yy A v
7.2.1 uWﬁuﬂﬁﬂﬁ’Jumu@ﬂuﬂ\‘]ﬁNWNUlﬂllﬂ Hndnau w1 nenuuag 1y
a 091 v Y g o o :j v 4 L lel A ; d'
7.2.2 WaraamunNudznasaa dnini Il uaanuanenun

o v v 9 v o @ o o Y 1 Y dy A g
7.2.3 NUIUNINDAU Tﬂﬂuummumaﬂmawumﬂzwaumamuiuwumﬂu

= PR 9 ] 4 a d? I v A 4 T A =
NYI NUVUIATURIUFUINAN 2 wummsmu"lﬂ uamﬂumwauuim ]111[?]6 NIDIUNTY

[ v
=

[ o o { 1 kg <
7.2.4 9A31M1379A08 UUNIUIUAUNTBAMBADNUNN LN
Y o [ v @ o [ @ I~ 1 [
7.2.5 $esazmsazauuils fimsgquiaiudilzndunduiunou a Tasdan
druriaazmeoon Wiiudilzndandunda lSalsunaudl 1@ 16195949 Reimann scale Tag

v v o ) v o 1 Y 912’ o a @ Y o v o o @
GIN‘H"J‘JJHETWTJ%'ﬁ'ﬁ\‘lﬂ\iﬂﬁ131u91ﬂ1ﬁ1‘ﬁ1@u1ﬁuﬂﬂigu1ﬂl 5 nlansu uanhiaiudidevas
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' dy o 2’ J J a v o @ A yI Y
muum%ﬂum mumﬂimmuf]ﬂuwauuﬁmm U19599 (scale) !a“ll‘l/lf)'lullﬂlﬂuif)ﬁlagﬂ'ﬁ

azauuilaluiiaa (mwn 3)

M 3 193easdmsuIalsandsluiiudlevdean Gesazmsazaunila)

Y

a d aa
8. MIUANTHUdYAMIADN
a <Y 3 a L4 aa . 4
'J!.ﬂ51$1"iGU'E'HJ”ﬁﬂ\‘l‘ﬂuﬂjﬂﬁlﬂ13ﬂlﬂ51$ﬁﬂ']'liJLL'iJ'i‘IJi'JuﬂNﬁﬂﬂ (analysis of variance)
Y o 9 = = 1 aa 9 .
Lla'JL!'IGU@N”ﬁ?ﬂl‘ﬂiﬁl‘ﬂlfﬂEl'U‘I’ﬂﬂQWNLLﬂﬂGHQ‘VnQﬁﬂﬁIﬂEIGlGﬁ Duncan’s multiple range tests
4 o 4 o o9 £
(DMRT) N5£AUANUFDNUTDYIAL 95 "lluhl‘l]

9. AIUNMNMINARDS

msane luninaguiy  wlaunbasns thunaiie Auaezifow Sunea1uyuna

PWHIAUATTIFFUN

= Y a vAa Y a vAa a Ia = a =
ﬂTﬁﬁﬂH'ﬂuW@ﬂﬂaU@]ﬂWﬁ ﬁ@\‘lﬂaﬂﬁﬂWiﬁLﬂiW%ﬁﬂulmg‘W% ﬂ?ﬂ')“lﬂ‘ﬂﬂW'J“Vlﬂ'l AU

INYAT NﬁWaﬂEJ'lﬁ’Elm‘HﬂiﬁWﬁﬂ{ MNPUVAV Y NTUNNA
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091’ = = =3 = =
PNLAADUNUIAY N.A. 2553 DUADUNUIAN W.A. 2554
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a d
WNalas I3

1. amwimllvesnuinazdagrdnenauuvesaudumy

=

o & 4
1.1 anmwina ldyeanundny

k4 v
Aufmaunbasnsusna uezifeu Auanauie s1neaIuyUNA 391 7a

Y H
=~ ] [

Y v
UATNFAN NuNodganinszaunziathunais 310 was lunuitinisneaosludeiia

Y

Y i

= S A o = Aa A = Q' A Qy 1
uas rdNYsnaihdumae 1,137 Hagwainoll vluﬂzmJ@mmaquymﬂmmmzmmq
A A a = o A = o 1
“lumauuquwu Fju%mﬁllﬂﬂ’E'JﬂﬂiQ1ULQGUﬂﬁﬂ§]1ﬂNﬂﬂﬂﬁ1ﬂN ﬂ15ﬂi$ﬂ18@]’3‘11f]\‘]l}juvlu

atiuaue (NTURAUENINGT, 2554)
1.2 dugIuINeauIuYIauALmNY

9
a I a @ 1 o o 1
ﬂuﬁLﬂuﬂ‘L!G]'JLH/]‘L!ﬂlﬂ\illﬂﬁ\iﬂﬂﬂ@\i‘ﬁj"luﬂﬂlnﬂ m‘uamzﬁ&u BUNDATUYUNA
[ @ = & a AA o Y v Aa < ] @
RIAUATIIFFU IWuAURNRAIINMT VeI INARA LY U Ap-Bt @Q@:\iﬁ]'lﬂigﬂﬂﬂmﬁﬂWUﬂﬁN
A A g A | o Y @ Y o A I
245 1UAT ﬁﬂ1WWHﬂ!ﬂu@'ﬂﬂﬁuﬂﬂuﬁ1@ nanuaasulszunusosas 3 aﬂQﬁummmﬂu

Y o A

3' 9 A . A @ ' @ A @ Y .
ALNDUUININDIDU (local alluvium) ‘nawmaguumn@mmm@mﬂuuﬁ@@nm& (residuum)

Q

Y Y
= ]

a a A o Aa A Y o 4 = ' g’
VBDINUNIY AUUNITITITUVIYUIA ﬂuuﬂﬁWNﬁ'lﬂJ'lﬁﬂGlWU']“]ﬁJWWU‘Jlﬂ‘IhHﬂaN NﬂWiVlT‘iaUVUfNHW

d’Q =)
nrau unag

a a A A dy a I A a 1 ~ a
AUVUNUT 20 uauas DA umane iieawiluauns 1w uAUI Y NipsAL
I @ a [ {
Tugunilunsadaun (pH 5.0) audl lassairaiuunudewmasuyuuuvuiaazidean v
= Y Y 1 a [ = Qle [ a an dy a I
NN UANUAINUYDIIATITT N0 AIUAUAINANALA 20-200 (¥ UANAT UFUAI 1TT0AMT Y
a v ' = 9 a <3| Y =
ausrulunie uazsumienunie TassasnvesauiununeHasuyuuUIUIA

= = ~ a | =2 o Y A
AgLPYADIT YUY Wlﬂ%ﬂuiuﬁu”lmﬂuﬂiﬂiquuﬂNWﬂﬂQLﬂMﬂiﬂﬁ]ﬂll"lﬂ (pH 4.0-4.5) (71NN 4)
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~Soil color Soil structure Consistency Root
| Dry, moist, wet

5YR 4/6 1-2,f-m SAB SH, Fri, NS/NP 3,vf-f

2.5YRA4/8 2,m-c SAB H, SF, SS/SP 2,vi-f

2.5 YR 4/6 2,f-m SAB SH, SF, SS/MP 1,vf-f

Soil structure: 1 = weak, 2 = moderate; f = fine, m = medium, ¢ = coarse, SAB = sub angular structure

Soil consistency: Dry: SH = slightly hard, H = hard; Moist: SF = Slightly friable, Fri = friable; Wet: NS =
non sticky, SS = slightly sticky, NP = non plastic, SP = slightly plastic, MP = moderately plastic

Root: 1 = few, 2 = common, 3 = many; vf = very fine, f = fine

d' [ Y v a a o d' Y =
MNN 4 ANHUSVDINTNAAAUYDIAUAINUN 1B TUNISANE
A arAa 4 a [y dy d'
1.3 gulianeildandvosaudumununulainaasy

a A d" a I a [l KX A [ = A A
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Particle size distribution (g kg’1)
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Bulk density (mg m’S) Ksat (cm hr’1)
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(Thompson and Troeh, 1978) Fedoandvenuliuim luTasnusiuiiidsuiaedluszaudmin
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Extracatable bases (cmol_ kg)
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Soil properties Topsoils Subsoils
pH 4.50 4.60
Organic matter (g kg_l) 9.10 8.60
Total N (g kg_l) 0.70 0.60
Available P (mg kg ) 1.10 5.40
Available K (mgkg ) 35.80 58.73
Extractable Ca (cmol,_ kg_l) 1.39 2.92
Extractable Mg (cmol, kg ) 0.26 0.55
Extractable K (cmol, kg_l) 0.09 0.17
Extractable Na (cmol, kg'l) 0.06 0.04
Available Fe (mg kg') 5.10 5.50
Available Zn (mg kg ) 0.26 0.35

Sum bases (cmol, kg-l) 1.80 3.68
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Properties Chicken manure Perlite
pH 7.0 7.7
EC (dS m") 1.50 0.26
OM (gkg ) 406 nd
CEC (Cmol_kg") 65.08 20.25
Total N (g kg ) 46.90 nd
Total P (g kg ) 7.60 nd
Total K (g kg ) 17.60 2.80
Total Ca (g kg') 26.20 1.20
Total S (g kg ) nd 2.20
Total Mg (g kg ) 3.20 1.00
Total Na (g kg ) 11.40 1.90
Total Si (gkg ) nd 322.10
Total Al (gkg ) nd 80.10
Total Fe (gkg ) 0.30 0.20
Total Zn (g kg ) 0.50 0.40
Total Cu (g kg ) 0.04 0.10
Total Mn (g kg ) 0.50 0.30
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The different letters in graph are significantly different at P< 0.05.
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AMoTLNEHINAAAY
(Soil profile description)

|. Information on the site

Profile symbol Yt

Soil name : Yasothon (Yt)

Classification : Typic Paleustult

Date of examination . April 10, 2009

Described by . Irb Kheoruenromne, Somchai Anysamtperm,

Suphicha Thanachit, Kamolwon, Wipawon, Wittaya,
Khunta, Daojarat, Boontarik Chimchart, Sirintha
Tasarika

Location : Approximately 100 m East of Sikhiew+Dighunthod.
Ban Kudmuang, Tambon Takian, Amphoe Dan
Khunthod, Changwat Nakorn Ratchasima

Elevation : Approximately 245 m (MSL)
Map sheet number : Coordination : 47 793630E616IN
Landform

1. Physiographic position : Residual plain

2. Surrounding land form : Undulating

3. Slope on which profile site : 3% Aspect: 300 Azi
Land use : Cassava field

Annual rainfall : Approximately 1,200 mm
Mean temperature : Approximately 27°C
Climate : Tropical Savanna

Others : Agricultural and settlement

I1. General information on the soil

Parent material : Residuum derived from weathesddsandstone
Drainage : Well drained

Permeability : Moderate

Runoff : Moderate

Depth of ground water : Deeper than 2 m at timsaohpling

(11 Profile description

Horizon Depth Description
(cm)
Ap 0-20 Yellowish red (5YR 4/6); loamy sand; moderaeak fine

and medium subangular blocky structure; slightlsdhdry,
friable moist, non sticky and non plastic; few vdye,
common fine vesicular pores; many very fine anche fi
roots; few variegated sands; very strongly acieldfpH



Btl

Bt2

Bt3

Bt4

Bt5

20-41

41-69

69-95

95-120

120-142
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5.0); clear, smooth boundary to Btl

Red (2.5YR 4/8); sandy loam; moderatelygdmam and
coarse subangular blocky structure; hard dry, #ligh
friable moist, non sticky and slightly plastic;wfeclay
bridges among sand grains; few very fine, fine adar
pores; common very fine and fine roots; few vaaied
sands; very strongly acid (field pH 4.5); graduahooth
boundary to Bt2

Red (2.5YR 4/6); sandy loam; moderatelye f and
medium subangular blocky structure; hard dry, $hgh
friable moist, slightly sticky and moderately plastfew
faint clay coats on ped faces and clay bridges gnsamd
grains; very few very fine, common fine vesiculares;
common very fine and fine roots; few variegateddsan
very strongly acid (field pH 4.0); clear, smoothubdary
to Bt3

Red (2.5YR 4/6); sandy clay loam; moddyafine and
medium subangular blocky structure; hard dry, s$hgh
riable moist, slightly sticky and moderately plastfew
faint clay coats on pore walls and few clay bridgesong
sand grains; few very fine, common fine vesiculad &w
fine tubular pores; few very fine and fine rootgwf
variegated sands; very strongly acid (field pH A4d@ar,
smooth boundary to Bt4

Red (2.5YR 4/6); sandy clay loam; motiyafine and
medium subangular blocky structure; slightly hamy,d
slightly friable moist, slightly sticky and modeeit
plastic; very few faint clay coats on pore wallsddew
clay bridges among sand grains; common very fing an
fine vesicular and very few fine simple tubulargs few
very fine and fine roots; few variegated sands;yver
strongly acid (field pH 4.0); gradual, smooth boandto
Bt5

Red (2.5YR 4/6); sandy clay loam; matidy fine and
medium subangular blocky structure; slightly hanmy, d
slightly friable moist, slightly sticky and modeeit
plastic; very few faint clay coats on pore wallddew
clay bridges among sand grains; common very fing an
fine vesicular and very few fine simple tubular ggrvery
few very fine and fine roots; few variegated sarsisne
patchy areas of strong clay balls and distinct dagts;
very strongly acid (field pH 4.0); clear, smoothubdary
to Bt6



Bt6

Bt7

142-171

171-200

76

Red (2.5YR 4/6); sandy clay loam; matiy fine and
medium subangular blocky structure; slightly hamy, d
slightly friable moist, slightly sticky and modeseat
plastic; very few faint clay coats on pore wallsddew
clay bridges among sand grains; common very fing an
fine vesicular and very few fine simple tubular ggr
practically no roots; few variegated sands, somiehya
areas of strong clay balls and distinct clay coatsy
strongly acid (field pH 4.0); gradual, smooth boarydto
Bt7

Red (2.5YR 4/6); sandy clay loam; moderately fared
medium subangular blocky structure; slightly hamy, d
slightly friable moist, slightly sticky and modeseat
plastic; very few faint clay coats on pore wallsddew
clay bridges among sand grains; common very fing an
fine vesicular and very few fine simple tubular ggr
practically no roots; few variegated sands; vergrsily
acid (field pH 4.0).
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Depth Horizon  Particle size distribution Textural class Bulk density Hydraulic
(cm) sand silt clay Mg m'S) conductivity

L (cem hr'")
0-20 Apl 736 113 150 Sandy loam 1.68 1.5
20-41 Btl 678 131 191 Sandy loam 1.80 0.2
41-69 Bt2 662 137 199 Sandy loam 1.70 0.3
69-95 Bt3 651 115 233 Sandy clay loam 1.57 1.5
95-120 Bt4 647 136 217 Sandy clay loam 1.57 23
120-142 Bt5 680 124 196 Sandy loam 1.60 2.4
142-171 Bt6 699 89 212 Sandy clay loam 1.61 1.5
171-200+ Bt7 658 112 229 Sandy clay loam 1.61 1.2




MINWIINN 2 autianmanivesgaaus Tassaudnuveuaimaas

Depth Horizon pH 1:1 OM Total N Available Extractable base Sum bases EA CEC BS

(cm) H,0 KCI P K Ca Mg K Na bysum NH,OAc (%)

(—gkg'~)  (—mgkg'—)  ( emol, kg )

0-20 Ap 50 3.8 429 0.28 10.36 70.6  0.64 023 0.18 0.24 1.29 6 7.3 2.4 17.7
20-41 Btl 42 34 326 0.07 2.50 90.8 046 0.12 0.23 0.32 1.13 9 10.1 3.4 11.2
41-69 Bt2 40 33 257 0.21 2.50 21.1 0.50 0.13 0.05 0.15 0.84 7 7.8 3.3 10.7
69-95 Bt3 40 33 275 0.14 2.50 17.8 0.40 0.11 0.05 0.36 0.94 10 10.9 3.4 8.6

95-120 Bt4 40 32 257 0.21 2.50 16.7 0.40 0.09 0.04 0.13 0.65 9 9.6 3.1 6.8
120-142 Bt5 40 32 1.89 0.11 1.79 14.3 0.25 0.08 0.04 0.10 0.47 9 9.5 3.1 5.0
142-171 Bt6 40 32 154 0.14 1.43 15.5 0.42 0.08 0.04 0.11 0.66 9 9.6 3.0 6.9
171-200+ Bt7 40 32 0.86 0.21 1.43 17.9 021 0.26 0.05 0.11 0.64 6 6.6 2.6 9.7

8L
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Fresh tuber yield Tuber Starch Starch yield  Survival rate ~ Number of stem
Treatment o 0 o 0
(tonne rai ) (No. plant ) (%) (kg rai ) (%) (No. rai )

Soil conditioner

SO 2.9b 12.9 222 671.1 83b 2,527
S1 3.0ab 144 25.8 807.6 87ab 2,663
S2 3.6a 14.2 23.2 857.3 90a 2,844
S3 3.5a 14.1 25.2 919.1 89ab 2,925
F-test * ns ns ns * ns

Zn foliar application

Zn0 3.1 13.5 22.3b 723.4b 84b 2,822
Znl 3.2 133 23.2ab 762.1ab 87ab 2,767
Zn2 35 14.9 26.9a 955.8a 90a 2,631
F-test ns ns & & & ns
Interaction

S0Zn0 23 11.9 18.9 460.9 80 2,431
S0Zn1 3.0 11.5 21.6 668.1 85 2,686
S0Zn2 33 15.5 26.2 884.4 85 2,466
S1Zn0 2.6 12.9 21.1 569.9 80 2,663
S1Zn1 32 14.8 28.7 908.2 88 2,674
S1Zn2 33 15.4 27.7 944.6 92 2,407
S27Zn0 3.7 14.3 242 902.9 91 3,195
S2Zn1 33 13.9 18.4 622.8 90 3,079
S27Zn2 3.9 14.6 27.1 1,046.3 90 2,500
S3Zn0 3.8 15.1 249 959.8 86 2,998
S3Znl 33 12.9 24.1 849.4 87 2,628
S3Zn2 3.6 14.1 26.7 947.9 93 2,905
F-test ns ns ns ns ns ns
%CV 22.14 18.59 23.36 37.8 8.03 17.19

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no
statistical difference, * = statistical difference at 95% level of confidence, SO = no soil
conditioner, S1 = perlite, S2 = chicken manure, S3 = perlite + chicken manure, Zn0 =
no Zn foliar application, Zn1l = Zn foliar application, Zn2 = Zn foliar application three

times
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Stem weight Leaf and branch weight Rhizome weight Aboveground biomass
Treatment 0 0 0
(tonne rai ) (-—-——-- kg rai -=------- ) (tonne rai )

Soil conditioner

SO 0.7b 179.7¢ 360.3c 0.9¢c
S1 0.8b 265.0c 398.5¢ 1.0c
S2 1.3a 740.8b 669.3a 2.0a
S3 1.2a 564.8a 564.2b 1.7b
F-test ok ok ok ok

Zn foliar application

Zn0 0.9 381.1b 483.2 1.3
Znl 0.9 388.3b 513.0 1.3
Zn2 1.0 543.3a 498.0 1.6
F-test ns -J ns ns
Interaction

S0Zn0 0.6 127.3 284.0 0.7
S0Zn1 0.8 182.8 437.5 0.9
S0Zn2 0.8 229.0 359.5 1.0
S1Zn0 0.7 156.3 4273 0.8
S1Znl 0.7 226.8 354.3 1.0
S1Zn2 0.8 412.0 414.0 1.2
S27n0 1.3 643.5 651.0 2.0
S2Zn1 1.2 643.5 684.8 1.9
S27Zn2 1.2 9353 672.0 22
S3Zn0 1.2 597.3 570.5 1.8
S3Znl 1.1 500.3 575.5 1.6
S3Zn2 1.2 597.0 546.5 1.8
F-test ns ns ns ns
%CV 18.43 38.55 19.72 22.24

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no
statistical difference, * = statistical difference at 95% level of confidence, ** =
statistical difference at 99% level of confidence, SO = no soil conditioner, S1 = perlite,
S2 = chicken manure, S3 = perlite + chicken manure, Zn0 = no Zn foliar application,

Zn1 = Zn foliar application, Zn2 = Zn foliar application three times
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Concentration in leaf (g kg ')

Treatment

N P K Ca Mg
Soil Conditioner
S0 37.0 3.0 11.8b 8.2 7.4b
S1 36.6 3.0 12.7a 8.2 8.5b
S2 38.1 3.0 11.1b 8.9 8.9a
S3 36.7 3.0 10.2b 8.5 8.0b
F-test ns ns o ns *
Zn Foliar Application
Zn0 37.1 3.0b 11.5 8.8 8.0
Znl 37.7 3.1a 10.9 8.2 7.9
Zn2 36.4 2.9b 12.0 8.3 8.7
F-test ns & ns ns ns
Interaction
S0Zn0 36.0 2.9 11.7 83 7.2
S0Zn1 36.1 3.1 10.5 8.1 7.4
S0Zn2 38.8 3.0 13.1 83 7.5
S1Zn0 39.7 3.1 12.7 8.2 7.7
S1Zn1 37.9 3.1 13.1 8.6 8.9
S1Zn2 323 29 12.2 7.7 8.8
S27Zn0 37.2 2.9 11.9 10.1 9.1
S2Zn1 40.3 32 10.1 7.9 7.9
S27Zn2 36.9 2.9 11.3 8.9 9.8
S3Zn0 35.7 29 9.6 8.6 8.0
S3Znl 36.7 3.1 9.9 8.2 7.3
S3Zn2 37.6 3.0 11.2 8.5 8.7
F-test ns ns ns ns ns
%CV 14.16 10.46 16.81 12.96 17.24

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no
statistical difference, * = statistical difference at 95% level of confidence, ** =
statistical difference at 99% level of confidence, SO = no soil conditioner, S1 = perlite,
S2 = chicken manure, S3 = perlite + chicken manure, Zn0 = no Zn foliar application,

Znl = Zn foliar application, Zn2 = Zn foliar application three times
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Concentration in leaf (mg kg )
Treatment

Fe Zn Mn Cu
Soil conditioner
SO 175.93 52.02 1,018.1 39.2
S1 169.73 57.17 919.0 58.2
S2 197.40 53.81 1,060.4 38.9
S3 172.73 60.14 1,115.2 58.1
F-test ns ns ns ns
Zn foliar application
Zn0 171.11 55.88 967.2 42.7
Znl 169.07 54.05 1,110.9 442
Zn2 196.67 57.43 1,007.8 58.9
F-test ns ns ns ns
Interaction
S0Zn0 162.00 50.46 770.1 36.3
S0Zn1 172.98 50.29 1,122.1 38.4
S0Zn2 192.83 55.31 1,164.8 42.9
S1Zn0 177.02 59.72 988.9 58.0
S1Znl 166.27 55.68 863.8 65.6
S1Zn2 165.89 56.10 907.2 51.0
S27n0 181.18 50.11 994.0 34.5
S2Zn1 153.93 55.94 1,353.8 27.6
S27Zn2 257.09 55.39 833.4 54.7
S3Zn0 164.24 63.21 1,115.8 422
S3Znl 183.09 54.27 1,104.2 45.1
S3Zn2 170.86 62.93 1,125.7 87.1
F-test ns ns ns ns
%CV 35.36 21.48 29.47 60.48

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no
statistical difference, SO = no soil conditioner, S1 = perlite, S2 = chicken manure, S3 =
perlite + chicken manure, Zn0 = no Zn foliar application, Znl = Zn foliar application,

Zn2 = Zn foliar application three times



83

msawunn 7 Usualulasousan Weawesd vaz Inunadouiidludse Towiluaunou

3
DULNYI
Total N (g kg ) Available P (mgkg')  Available K (mgkg )
Treatment

0-20 20-40 0-20 20-40 0-20 20-40
Soil conditioner
SO 0.09 0.09 1.85¢ 1.38b 21.0 17.3b
S1 0.08 0.08 2.47b 1.76ab 25.7 19.4ab
S2 0.10 0.09 3.40ab 2.63a 284 21.5ab
S3 0.08 0.08 4.07a 2.42a 24.5 22.0a
F-test ns ns * ik ns *

Zn foliar application

Zn0 0.08b 0.08 3.06 1.82 26.3 21.4
Znl 0.09ab 0.09 3.49 1.97 23.7 18.6
Zn2 0.10a 0.10 2.29 2.36 24.7 20.1
F-test 4 ns ns ns ns ns
Interaction

S0Zn0 0.08 0.09 2.28 1.14 22.7 17.6
S0Zn1 0.10 0.09 1.45 1.48 17.7 17.5
S0Zn2 0.09 0.10 1.84 1.52 22.7 16.7
S1Zn0 0.08 0.07 2.00 1.30 22.4 18.1
S1Zn1 0.08 0.10 3.77 1.24 279 17.3
S1Zn2 0.10 0.08 1.64 2.73 26.8 22.7
S27Zn0 0.09 0.08 3.88 2.44 34.1 23.7
S2Zn1 0.08 0.10 3.91 2.10 29.1 20.3
S27Zn2 0.09 0.10 2.42 3.35 21.9 20.6
S3Zn0 0.08 0.08 4.09 2.39 25.9 26.0
S3Znl 0.07 0.07 4.85 3.07 20.1 19.3
S3Zn2 0.09 0.09 3.27 1.82 274 20.6
F-test ns ns ns ns ns ns
%CV 9.01 8.92 56.72 54.58 33.07 24.82

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no
statistical difference, * = statistical difference at 95% level of confidence, SO = no soil
conditioner, S1 = perlite, S2 = chicken manure, S3 = perlite + chicken manure, Zn0 =
no Zn foliar application, Zn1l = Zn foliar application, Zn2 = Zn foliar application three

times
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Available Ca (mgkg')  Available Mg (mgkg')  Available Na (mgkg")

Treatment
0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm

Soil conditioner

SO 1,512b 1,853 298 317 666 691
S1 1,753ab 1,955 317 247 703 713
S2 1,997ab 2,303 313 311 674 714
S3 2,143a 2,203 270 290 710 712
F-test 5 ns ns ns ns ns

Zn foliar application

Zn0 1,794 1,890 253b 304 686 721
Znl 1,894 2,108 292ab 302 698 703
Zn2 1,865 2,238 354a 269 681 699
F-test ns ns % ns ns ns

Interaction

S0Zn0 1,338 1,586 261 320 621 719
S0Zn1 1,411 1,586 303 329 699 700
S0Zn2 1,786 2,386 331 300 679 654
S1Zn0 1,417 1,533 290 327 733 662
S1Zn1 2,015 2,364 277 210 728 755
S1Zn2 1,827 1,967 385 204 649 721
S27Zn0 2,033 1,902 323 417 669 710
S27Zn1 1,859 2,099 271 297 676 685
S27Zn2 2,098 2,908 344 221 678 748
S3Zn0 2,387 2,537 138 151 720 791
S3Znl 2,290 2,381 317 370 686 673
S3Zn2 1,751 1,698 354 349 725 671
F-test ns ns ns ns ns ns

%CV 3345 39.61 38.17 43.10 8.78 9.42

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no
statistical difference, * = statistical difference at 95% level of confidence, SO = no soil
conditioner, S1 = perlite, S2 = chicken manure, S3 = perlite + chicken manure, Zn0 =
no Zn foliar application, Zn1l = Zn foliar application, Zn2 = Zn foliar application three

times
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Organic matter (g kg ) CEC (cmol, kgfl) pH
Treatment

0-20 cm 20-40 cm 0-20 cm 20-40 cm  0-20 cm 20-40 cm
Soil conditioner
SO 3.7 2.7ab 1.71a 1.06 4.7 4.5b
S1 34 2.9ab 1.18b 1.08 4.8 4.8ab
S2 3.7 3.6a 1.29ab 0.98 4.9 4.9a
S3 42 2.4b 1.52ab 1.06 4.9 4.9a
F-test ns * * ns ns *
Zn foliar application
Zn0 3.6 3.1 1.50 1.19 4.7 4.6
Znl 35 2.6 1.41 0.98 4.9 4.8
Zn2 4.1 3.0 1.38 0.97 4.8 4.9
F-test ns ns ns ns ns ns
Interaction
S0Zn0 4.4 3.4 1.94 1.31 4.7 4.1
S0Znl 33 2.3 1.25 0.88 4.7 4.5
S0Zn2 3.4 2.4 1.94 1.00 4.8 4.7
S1Zn0 3.7 22 1.06 1.00 4.8 4.7
S1Zn1 2.8 2.9 1.44 1.19 4.9 4.9
S1Zn2 3.8 3.6 1.06 1.06 4.9 4.7
S27Zn0 24 3.5 1.50 1.31 4.6 4.6
S2Znl 4.6 3.8 1.63 0.75 5.1 5.1
S27Zn2 42 3.6 0.75 0.88 5.0 52
S3Zn0 39 3.3 1.50 1.13 5.0 5.0
S3Znl 85 1.5 1.31 1.13 5.0 4.9
S3Zn2 5.1 2.5 1.75 0.94 4.7 4.9
F-test ns ns ns ns ns ns
%CV 41.96 46.29 37.67 36.87 9.35 9.97

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no

statistical difference, * = statistical difference at 95% level of confidence, SO = no soil

conditioner, S1 = perlite, S2 = chicken manure, S3 = perlite + chicken manure, Zn0 =

no Zn foliar application, Znl = Zn foliar application, Zn2 = Zn foliar application three

times
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Lﬁ'EJ’J
Bulk density (Mg m") Hydraulic conductivity (cm hr')
Treatment
0-20 cm 20-40 cm 0-20 cm 20-40 cm
Soil conditioner
S0 1.51 1.59 16.9 20.2
S1 1.49 1.55 11.0 14.5
S2 1.52 1.58 20.2 6.9
S3 1.49 1.57 21.2 12.2
F-test ns ns ns ns
Zn foliar application
Zn0 1.51 1.59 15.1 8.9
Znl 1.52 1.57 16.7 16.9
Zn2 1.48 1.56 20.2 14.5
F-test ns ns ns ns
Interaction
S0Zn0 1.56 1.54 15.4 15.9
S0Znl 1.50 1.62 10.8 20.2
S0Zn2 1.46 1.60 24.5 24.5
S1Zn0 1.46 1.60 6.7 6.6
S1Zn1 1.54 1.49 11.6 26.2
S1Zn2 1.49 1.56 14.8 10.8
S27Zn0 1.52 1.64 12.9 10.8
S2Zn1 1.55 1.58 31.0 3.9
S27Zn2 1.49 1.53 16.7 6.0
S3Zn0 1.50 1.58 25.5 24
S3Znl 1.49 1.58 134 17.3
S3Zn2 1.50 1.56 24.8 16.7
F-test ns ns ns ns
%CV 4.20 5.31 77.55 91.83

Remark: ns = no statistical difference, mean value followed by the same letter using DMRT= no
statistical difference, SO = no soil conditioner, S1 = perlite, S2 = chicken manure, S3 =
perlite + chicken manure, Zn0 = no Zn foliar application, Znl = Zn foliar application,

Zn2 = Zn foliar application three times
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MINAUINA 11 nan)sziiuszauveesinering lulududlends (Howeler, 1985)

GrOWth -1
Concentration range (g kg )
stage
Nutrient
Critical Critical
(months)  Deficient  Marginal Adequate High Toxic
(deficiency) (toxicity)
N
4 3-4 <47 47-51 51 51-58 > 58 - -
(gkg)
P
4 3-4 <3 3-3.60 3.60 3.60-5 >5 - -
(gkg)
K
q 3-4 <10 10-13 13 13-20 >20 - -
(gkg)
Ca
0 3-4 <6.50 6.50-7.50 7.50 7.50-8.50  >8.50 - -
(gkg)
Mg
0 3-4 <2.70 2.70-2.90 2.90 2.90-3.10 >3.10 - -
(gkg)
Fe
1 3-4 <100 100-120 120 120-140  140-200 200 > 200
(mgkg )
Zn
) 3-4 <25 25-30 30 30-60 60-120 120 > 120
(mgkg )
Cu
i 3-4 <5 5-6 6 6-10 10-15 15 >15
(mgkg )
Mn
3-4 <45 45-50 50 50-120 120-150 150 > 250

(mgkg )
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Temperature
Total Rainfall Relative Humidity

Year Month maximum minimum mean
(mm) Cc) (%)
2010 January 62.2 309 213 25.6 72.2
February 4.0 35.0 23.9 28.9 65.5
March 47.4 36.3 23.5 293 57.5
April 31.2 38.0 26.1 31.2 63.6
May 123.8 373 26.9 31.0 68.7
June 120.6 36.1 26.4 30.2 74.2
July 194.3 34.1 25.2 28.6 81.2
August 151.1 32.6 24.7 27.8 83.7
September 364.0 32.5 24.6 27.5 86.1
October 284.6 30.2 239 26.5 81.6
November 3.0 29.9 21.8 25.8 66.6
December 0.0 30.2 20.3 25.0 68.1
Total 1,386.2 = 2 28.1 72.4
2011 January 0.0 283 17.5 22.6 68.3
February 10.2 329 21.5 26.7 64.3
March 10.0 31.3 21.7 26.1 64.3
Total 20.2 - - 25.2 65.6

: NTURATIENING (2554)
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MIWUINT 13 MIUUNGUUDATIOAY (181, 2548; Soil Survey Division Staff, 1993)

o A O'J 2 Lﬂy a c?/‘ Lﬂy a 1

misenn ANYAULILDAY FUIHOAUAN ] (texture classes)

a di’ Y 1 a 1

AUNT1Y 18111 (coarse textured) 1@un nsrexiiane q MU N8

. 2 = a
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(loamy soils)
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MINIWUINT 14 1UNMTUUITEAUANUHUIUUTINUDIAY (UIATITY, 2529)

90

FZA1 (rating)

Wiy (Mg m')

AN
Al
1hunang

1 9
ADUVGY
9

Faun

<1.2

1.2-14

1.4-1.6

1.6-1.8

1.8-2.0

>2.0

v Y Y '
MININUINN 15 FEAUFUVBIMANINUIIAUVVLDNA (O'Neal, 1952)

LAl (rating)

Y
AanWIiNIvaLAY (cm hr')

F110 (very slow)

1 (slow)

$1111na19 (moderately slow)
111na19 (moderate)

591 unana (moderately rapid)
< )

137 (rapid)

59170 (very rapid)

<0.125

0.125-0.50

0.50-2.00

2.00-6.25

6.25-12.50

12.50-25.00

>25.00
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MINNNUINT 16 "IJ’f)ﬂTWHﬂT]GL"If‘IUﬂWﬁJi%muﬁgﬂ'ﬂﬂllﬂ@l‘ﬂ”lﬂmﬂ LLa%ﬂ”li']JigLiJUﬂ'ﬂlJQﬂM
auumﬁjmﬁu (Wnsw, 2529; LSU, 2548; Land Classification Division and

FAO Project Staff, 1973; Soil Survey Division Staff, 1993)

1. WeWVDIAU (Soil reation), pH @u: 1 =1:1)

52aU (rating) N (range)
Lﬂuﬂiﬂquuiﬂmﬂﬁ'qw (ultra acid) <3.5
L“ﬂuﬂiﬂqmliﬂum (extremely acid) 3.5-4.4
Hunsadainn (very strongly acid) 4.5-5.0
Hunsada ('strongly acid) 5.1-5.5
iTunsatmunand (moderately acid) 5.6-6.0
unsadniies (slightly acid) 6.1-6.5
rﬂuﬂaw (neutral) 6.6-7.3
Wueudnilon (slightly alkaline) 7.4-7.8
Lﬂudnﬂmﬂa N (moderately alkaline) 7.9-8.4
Wuaada (strongly alkaline) 8.5-9.0
Wuaredan (very strongly alkaline) >9.0

2. 81&1/]%85@]@ (organic matter) (% organic carbon x 1.724)

32A1 (rating) Ny (g kg_l)
81170 (VL) <5

&1 (L) 5-10
Ao (ML) 10-15
1thunas (M) 15-25
ADUA 9GS (MH) 25-35

49 (H) 35-45

ga11n (VH) > 45




3. 1512 TuTA51915 % (total nitrogen) (NDINALHUNT 1FNAAY, 2535)

LA (rating) Nee (g kg_l)
§1170 (VL) <10

&1(L) 1.0-2.0
a1 (M) 2.0-5.0

93 (H) 5.0-7.5
g (VH) >175

&0 (VL) <1.0

&1(L) 1.0-2.0

4. YSinaleanesamiluise Teand (available P) (Bray 11)

32A1 (rating) Ny (mg kg_l)
&0 (VL) <3

&1(L) 3-6
Ao (ML) 6-10
1huna1e (M) 10-15
ADUN19E (MH) 15-25

q9 (H) 25-45

ga11n (VH) > 45




5. YSina Tnumendeouiiluilss Tond (available K) (NH,0Ac)

93

3201 (rating) Wy (mg kg-l)

1 (VL) <30

M) 30-60

1huna (M) 60-90

94 (H) 90-120

qau1n (VH) > 120
6. 1UHS ’Juﬁﬁﬁ’ﬂllg]) (extractable bases) (NH,OAc)

3201 (rating) W& (cmol kgil)
extr.Ca extr.Mg extr.K extr.Na extr.bases

@‘imm (VL) <20 <0.3 <0.2 <0.1 <2.6
@‘%1 L) 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
1unan ™M) 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3
93 (H) 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2
70 (VH) > 20 > 8.0 >1.2 >2.0 >31.2
7. ﬂ??ﬂﬂllﬂﬂlﬂgﬂullﬂﬁqﬂﬂﬂu (CEC)

32AY (rating) Wde (cmol (+) kg_l)

10 (VL) <3

f10) 3-5

Aoutad (ML) 5-10

1unae (M) 10-15

ADUA 9GS (MH) 15-20

a4 (H) 20-30

N (VH) >30




8. 9313 08aLANVDNANUE (base saturation)

94

FZA1 (rating)

Wee (%)
A1 (L) <35
11unate (M) 35-75
93 (H) >75

J 1 @ { Y]
9. (NUNMIHLNTEAUANNATANANA 18

F2A1 (rating)

WY (cmol kg-l)

&0 <1.0
Goh 1.0-2.0
1thunan 2.0-5.0
AU 5.0-10.0
a9 10.0-20.0
G >20.0
HUELYIR VL fran (Very low)

L ﬁgl;i (Low)

ML ﬂ"é]u"fle@‘iW (Moderately low)

M 1110819 (Moderate)

MH ABUYY g9 (Moderately high)

H 79 (High)

VH

01N (Very high)



H A o 4 a A a Ia ) Aa
ﬂ151QWH3ﬂﬁ 17 a'ﬁﬂmmmizﬂ‘ummqﬂuﬁuu‘,imﬂlmﬂu Tﬂ&lmiﬂizLaJumﬂNamiaLﬂiWﬁﬂu (NBITF1TIIAU, 2523)

Soil fertility rating oM Avail. P Avail. K CEC BS
(gkg) (mgkg') (mgkg") (cmol, kg (%)
Low <15(1) <10(1) <60 (1) <10(1) <35(1)
Medium 15-35(2) 10-20 (2) 60-90 (2) 10-20 (2) 35-75 (2)
High >35(3) >20 (3) >90 (3) >20 (3) >175(3)

Remark: Scoring is used for the assessment of fertility level (the score is presented in blanket within the table) Total score = 7 or less, fertility level is

low; Total score = is between 8-12, fertility level is moderate; Total score = 13 or more, fertility level is high

S6
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