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Viwat Sangphet, Acting Second Lieutenant 2009: Fertilizer Management for Chinese Tea Grown
on Highland Soils, Mon Ngo Area, Chiang Mai Province. Master of Science (Soil Science), Major
Field: Soil Science, Department of Soil Science. Thesis Advisor: Miss Suphicha Thanachit, Ph.D.

84 pages.

Influence of fertilizer management pattern on yields of Chinese tea (#12 and Oolong varieties) and
residual effect on soil properties were studied. Field experiments were carried out in highland soil with level
terrace installed. The site was situated between 980-990 m above MSL in the area of Mon Ngo Royal Project
Development Centre, Chiang Mai Province. Randomized complete block design with five fertilizer
management methods and four replications was employed. Fertilizer management methods consisted of T1:
no fertilizer (control), T2: 2,000 kg cattle manure per rai (equal to 21.6-5.6-25.0 kg N-P,0.-K,0 rai '), T3 to
T5: mixed chemical fertilizers between urea and 25-7-7 with the rates of 75.2-5.6-5.6, 75.2-5.6-5.6, 37.6-2.8-
2.8 kg N-P,0,-K,0 rai respectively. For T4 and T5, nitrogen application was split equally with application
interval being at 15 days after the first one. Yield was harvested at three following times, in September and
November 2008, and in February 2009. Fertilizer in each treatment was applied 45-50 days before harvesting

time for the first and second harvests and there was no fertilizer application before the last harvest.

Results revealed that the residual effect of fertilizers induced significant differences in the soil pH,
available K and exchangeable Al of which topsoil was more affected than that of subsoils. Application of
cattle manure at the rate of 2000 kg rai’ clearly increased soil pH and available K, whereas exchangeable Al
was decreased. Nevertheless, all chemical fertilizers (T3-T5) showed no impact on lowering soil pH and on

increasing exchangeable Al

Yields, concentration of macronutrients in tip and the first three leaves from the tip, and
macronutrients loss by crop removal of both varieties showed no statistical difference among treatments. The
split application of fertilizer in T4 (75.2-5.6-5.6 kg N-P,0,-K,0 rai') tended to give maximum yield of 453
kg rai” for No. 12 variety and 298 kg rai" in TS (37.6-2.8-2.8 kg N-P,0.-K,O rai ') for Oolong variety. There
was a wide range of nitrogen concentration in harvested leaves for both varieties (3.16-5.0%) indicating low
to sufficient level for normal growth of these Chinese teas, while phosphorus and potassium concentrations
were higher than that of critical level for normal growth with the amounts of 0.3-0.5 and 1.91-2.69%,
respectively. Macronutrient concentrations in leaves of Oolong variety were lower than those of No. 12
variety. No. 12 variety had higher loss of macronutrients by crop removal than did Oolong variety. The high
rate of fertilizer (75.2-5.6-5.6 kg N-P,0,-K,O rai') using split application gave the highest loss of nitrogen,
phosphorus and potassium with the amounts of 6.05, 0.57 and 3.55 kg rai ', and 4.09, 0.41 and 2.46 kg rai’
for No. 12 and Oolong varieties, respectively. However, the total loss of these nutrients by crop removal was

lower than those applied in in the form of fertilizers in all treatments.
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Fertilizer Management for Chinese Tea Grown on Highland Soils, Mon Ngo

Area, Chiang Mai Province
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@ o S Ao A A Y a a
45-50 U Tﬂﬂﬂ’]ﬂ']ﬁlﬂﬂlﬂﬁlﬁﬁl@ﬂcﬁ']fﬂu IUIU 3 A3 1”Lﬂ@uﬂuﬂ1ﬂu Hag NaAINIgU ']J 2551

A o IA o w
HAZ IABUNUNTNUD 1 2552 mwaay

' v Y v
ﬁTﬂTi%QﬁWﬂﬁﬂﬁﬂﬂlﬂﬁﬂﬂﬂiUﬂﬂ ﬁ]?ﬂﬁﬂﬁ?ﬂ?ﬂﬂﬁ@ﬂ!ﬂ{]ﬂ 70 ’f]x‘]ﬁ"ll“]fﬁl“']dfﬂﬁ
o v A o g, - o v Y o w ' v 2 A o
%uﬂizmﬂlummmﬁum NIOVTBIUTAUDL LLﬁ?UT@?@ﬂWQqﬂUﬂiﬂﬁglﬂﬁlﬂ L‘WE]UTLITJ

a L Y a va
WA Ul §iians
3. myynnzluresfiams
a da
3.1 MIUATITHAY

3.1.1 M5NILIIBYUIAVDIOYNIAAY (Particle size distribution) IAeATLENAE

AN (sieving method) Gluﬁuummgmﬂm 10 1n835 pipette method (Kilmer and Alexander,
a { a d o

1949; Day, 1965) Tuvuaeymansieutlumgeymnaumiion wan ldanmsunsizdtmn
dy a . =) ~ [ 3 Ay a '

Lanuglsennveailoay (soil textural class) Iﬂﬁlﬂ']ﬁIflJﬁEJ‘UL‘VIﬂﬂﬂﬂsﬁuluﬂﬂu@"mlﬂﬂ!“ﬂ‘llﬂﬁ

ﬂiz‘lﬂi’NLﬂH@l’iﬁ‘Vi%ﬁ;@LN?ﬂ”l (USDA textural class) (Soil Survey Division Staff, 1993)
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~ a . d' v A Y v 1 a 1 5’ 1w
3.1.2 WU (Soil pH) Taansoainiey (pH meter) Glﬂf’f)ﬁﬁ"lﬁ’)uﬂu@ﬂu'] mny

1:1 (Thomas, 1996; National Soil Survey Center, 1996)

3.1.3 ﬂ?mm@um%ﬁf@q (Organic matter) 1pe75 Walkley and Black Titration

(Walkley and Black, 1934; Faithfull, 2002)

3.1.4 YSunaluTasiausiy (Total nitrogen) 1A873 Kjeldahl method (Jackson,

1965; Bremner and Mulvaney, 1982)

3.1.5 Usmnaloalesaniuilszlomi (Available phosphorus) fha1safiadoe
F2
1161 Bray II (Bray and Kurtz, 1945) ttaz3n31z41/5uai1ae1435 colorimetric ttazinde

A
INT04 spectrophotometer

3.1.6 USinaTnunadeunilulsy Ten! (Available potassium) 1A15aindoe
A g @ a Yy A s
d130zm9 1M NH,0Ac Milunan (pH 7.0) (Pratt, 1965) uazindiuimlaglHnies atomic

absorption spectrophotometer

3.1.7 USuamuasuneadald  (Extractable bases) 13znovudls  uaaidowy
A A ~ ~ o o Y A d
uuniidoy Tnunadon wag Imdey Hhmsanadloasazals IM NH,0Ac Milunais (pH

7.0) (Peech, 1965) wazialsuadienT e atomic absorption spectrophotometer

3.1.8 Ysnmezgiltiunanald (Extractable aluminum) hmsanadleaisazaie

IM KCl tagiatlsunaaiensad atomic absorption spectrophotometer (Thomas, 1982)
a A
3.2 MIUATIEUNY
a gll 1
3.2.1 U5 luTasaunanua (Total nitrogen) oaae Iy H,S0,-Na,SO,-Se

a 4 a ad
mixture BaLANTIZHNT I TA8IT Micro-Kjeldahl (Isaac and Johnson, 1976; Bremner and

Mulvaney, 1982)
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v
3.2.2 sualeanesaiianiug (Total phosphorus) oedan las H,SO,-Na,SO,-Se

mixture 1aZ3ATIZH1T0 18T vanado-molybdate yellow color (Yoshida et al., 1971)

Y
3.2.3 Ysmna TnumaiFeuiarug (Total potassium) 69oa@a18 1Ay H,S0,-Na,SO,-
a 4 a
Se mixture 1z AL YIS TAe 1Y atomic absorption spectrophotometer (Jones and Case,

1990; Mill and Jones, 1996)
4. MINATIZHMITDA

o Y ~ 9 o a 4 aa . . A
ihdeyanlauimsdwsiznanulsisiuneada (Analysis of variance) 1Wo¥1
ANUUANAIIYDIRISUNMINAREIA1e 9 Tagldlsunsy IRRISTAT mindeyaiianuuanaig
1 v 4 Y
Tuszauanudeniu 95% uli azihdeyaiuunn/seniieuTaold Duncan’s multiple range

tests (DMRT)
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HalazIa15a!

v o o A Az
1. ﬁ’ﬂ1W!nﬂﬂ?)N!!ﬁ%ﬁmelmzﬂ’ﬂﬂ‘llﬂﬂwuﬂﬂﬂﬂ1

A K]
A AA o =

[ dy A = a d o
Wuﬂﬂﬂ’lﬂ’liﬂﬂ‘]ﬂ’llﬂu‘WLl'VI‘]JQﬂ‘b"]i]‘L!“U@\‘]lﬂi&l@]ﬁﬂﬁﬁlu‘ﬁﬁL?mﬁuﬂWWU’lTﬂﬁﬂﬂ’]ﬁﬁﬁ]ﬁ

] o ' [ v A v 4 dyddy Ao a a
UOULL BUADUULAL VAN IAT o9 1 H AUT UUNUNTUNATDU 84.27 A15190 lalung

]
= 1

1 I dy a U ] a 1 a ) v A o
(52,670.77 19) ihuiuiieglunsnaThavuuianauiuas Ingiuluwesoaasondmou
1 1 1 ' <3|
17 nyjihu dszansisznendieauiiowaziids doulugezilsznevendwmsinuasiiy

o Y 1A 9 A A ' v aw o A A
“an llﬂllﬂ NHEAIU LljJNﬁlﬂJ@Q‘WuTJ LLﬁzWﬂf”l'i (ﬁﬂ’]ﬂu'ﬁ]mlagwwu']WUWQQ, 2550)

[ a

1 ] dy A 3 A v o 9 a a
aﬂ‘Hﬂ!m:]ll‘ﬂﬁ3L‘Vlf”fiﬂﬂﬁ?uﬁlﬂiymﬂqwu‘ﬂLﬂuluuL‘UT AVITAUFUFDUVDINULNTUA
a 5’ a o 4 A A { o
wumwﬁmmaum ﬂuﬂ')’ﬁ]@"lfllclf@l HagviuauaIu Llﬁ&’ﬁﬁﬁ']ﬂﬁ@ﬂu']ﬂ (ﬂﬁ?J“VlﬁWEl"lﬂTﬁﬁiﬁ,
{ 4 o ' a o o a <3|
2526) WuNfaNugeannszaunzmiunaisegluids 700-1,250 was dnyuzgloin iy

I Y
HUVUTTULUA Fo1 (Tropical monsoonal climate: Am) g S TGREMTE AT (Humid subtropical

a =

climate: Cw) Taeliguuinimay 26.3 4rsaleaaol) gaur)NgIga 40.5-42.4 r U ITo

U

Ao =y =\ dy v o J A 9 a a 3’ =
HASYUNQUAIGA 3-6 DIAUFAUFYT UANUFUAUNNTIRAYIDYAL 76 uazuﬂimmuwlumaﬂ

U Q

1,419.5 Haamnsael) (NNgatianINngl, 2551)

4

Y v 9
Hunuamaaoaniung 2 meugeggeainszaunzialunaisegluide 980 o

Qq

g ! @ @ g ! [ q’j @
990 a3 anwiunianuFugann Gevaz 45) 39latinmslsoiunliduduiivle Tae
4
aouuuveuaanaasseguInUneUUNTIL I uaznedmamaslilegusnadinlnag
Y Y
Yoy la AuNIaeusHAlNMsNALININAZNOUALAIAITUVIIAIO UL ITRANA1S

a 1 J 3 a
Yoerunguuns 1ulaeelsq (Colluvium over residuum derived from granodiorite) 1lu@Aw

v A a

1 9 = Qy 1 a 1 9 A A g} = g’ =1
ADUVINAN WU%Hﬁ?HWHﬂZﬂH@QiUWUW@ﬂﬂN auilmimadaimaduuas Insszuny

£4
a2 W

o Y a a g
U 9

g} {a a d 2} 1 4 o 3 o
mwmwmfﬁumﬁmamﬁa Lﬂkh”iﬂ‘ll"l‘l’ilﬂW'Jﬂu%"llﬁ@ﬁ%"lﬂﬂTTan’Uu‘Uu‘lﬂ
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2. ANUAAUNDUINNITNAADY

M3NszBVIIABYNIALA AuAManTiveauUUAAINAED 0-30 UAWAT LAZAY
1 { a q’j o d o
a19inwin 30-60 wuAwasvewlasrunadesmeiugneunsiinInanowaasly

~ A =
ATINN 1 HAZAITNWNUINN 2 D3 5
= v 4
2.1 uﬂawwumﬂwuqmm 12

a A dy a 3 a 1 ~ I a ' a A @
auiieAiluaAuI MM isITsANULIRzANA1 AullTaeYMAvIIA
nieegluide 437-383 nSuaen laniu Usmaeymavinansieutsog luide 331-309 n5u

apn lansu uazFunaeymavinadumiledod lundy 232-308 niuaen lansuy

wa = a 1 a Aaa o <3 @ =
FUUANNUANUVDIAUDU WU AUNNIDFA IﬂmﬂUﬂﬁﬂ%ﬂNWﬂ (pH 4.7) W

[

Usinadunielagegluszavaeudiags 32.1 nfuaenlansy) lulasnuswegluszand

(1.2 nfusenTansu) veavesamiuilseTow uag Inumadouiduilse Tomiogluszdugs

a o

(52 118296 Haansuaen lansuaudiay) ozaitiunuanlasu'ld 29 Hadnsuden lansu

U

d' 1 [ a 1 Aa v A o 9
anuguanilasuuaa lossusgluszauihunans (12.9 sualuadenlansy) Ioas1iovas
anuduAIRsudegluszaud (Fevaz 30) lunquananald unaFounanaldilsum

= 3 ~ = = a 1
qange sosasuuiuuuniisen Ta@en uas Tnumaiden (2.3, 0.9, 0.3 1A 0.2 WWUA luado
Alansu mudd)

a 1 A =2 a 1T a aaa o <3| 1Y

AUA1INANNAN 30-60 1FUANAT WU AuleYM Tasilunsaiauin (pH
4.4) 5inadunseiagegluszauiunans (14.8 nsuaen laniu) lulasusiwegluszdu
o v 1A o @ { d o o A a o 1 a o
a1mn (0.5 nSuaen lansw) Weaesantluilss leyriegluszaud (5 Hadnsusdenlanin)

A Aa o 1A

{ < g @ o a Ao A
Twunengoundluilse Tomiogluszauilunais (66 Nadnsuden lanin) NiSunaezgiiium
= 9 A a o =Y [ 2~ [ @ &Y (=Y ~ 5 =) A
uanulasu 1@ 43 Tadnsudenlaniu Falianuduiusiumiesndras Ianuguanlasy
uaa lopouegluszauiunaie (14.9 wudluaden Taniy) ons13osazANudNAIRIIU DY

Tuszaud Govaz 13)
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M3 1 MInszagvIneyMALaauANuATvesauDY (0-30 IFUAIAT) LEZAUAI

A [ o v J
(30-60 HUALUANT) ﬂ@u‘ﬂ’lﬂ’lj‘V]ﬂﬁENSU@QLLﬂﬁQ%T%UﬂTﬂWUﬁ‘LU@ﬁ 12 (# 12) uag

o JY 1
TMYNU[NIUDDU (Oolong)

#12 Oolong
Soil properties
topsoil subsoil topsoil subsoil

Sand (g kg ) 437 383 433 391
Silt (g kg 331 309 335 309
Clay (gkg ) 232 308 232 300
Soil pH 4.7 4.4 4.9 4.6
Organic matter (g kg ) 32.1 14.8 29.5 13.0
Total N (g kg ) 1.2 0.5 1.1 0.4
Available P (mgkg ') 52 5 39 8
Available K (mg kg ) 96 66 86 74
Extractable Ca (cmol_ kg_l) 2.3 0.8 2.2 1.0
Extractable Mg (cmol, kg_l) 0.9 0.5 1.1 0.6
Extractable K (cmol, kg_l) 0.2 0.1 0.2 0.1
Extractable Na (cmol, kg_l) 0.3 0.3 0.3 0.3
Exchangeable Al (mg kg-l) 29 43 10 33
BS (%) 30 13 10 9
CEC (cmol, kgil) 12.9 14.9 38.9 24.2

v 1
2.2 Llﬂaa%ﬁumﬂwuﬁﬁ}maau

dy a I a 1 = 1 2 [ = v J 4 a a
L“L.!E]ﬂmﬂuﬂuii’JL!‘]JLlL‘ViuEJ’JL‘IﬂJL@IEJTJﬂHﬂ‘]JLL‘]JﬁQ‘]ﬂi]ufﬁEJW‘LJ‘Ij‘HJ’ﬂﬁ 12 AUy

Psinaeymavinansieegluiids 433-391 nSusden lansy USumeymavinansoutlseg

luide 335-309 nFuden laniu wazllsmaeymavinaaurtieied lundy 232-300 niuee

Alansy
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Aunuiifiors1 TasTunsaiaunin H 4.9) TlSmmdunseiageglussdy
Ao d19ge 205 niudenlansy) lulasousawegluszdudn (L1 nsudedlansu)
Woarlosanifuiss Towiogluseduge 3o fadnsuaedlansy) wazInunaFeoudiiy
sz Tonfoglussiuhunas 86 Gadnsusen Tansy) TilSuesgitufivanasu'l] 10

Haansuaonlansy Imanuguanilasuuna lossusgluszdugann (389 1wudluado

v
v o

Alansw) uazdasidesazanudndamiodegluszaud ($evaz 10)

[

o v a 1 A Aaa o [ @ a a = ]
AT UAUAN AUNUNLDBA IﬂﬂLﬂUﬂﬁﬂﬁlﬂll'lﬂ (pH 4.6) ﬂill']ﬂ!ﬂﬂ‘ﬂﬁf]:]ﬂq@g

Tuszavaeudied (13 nsusen Tansw) Tulasusiuegluszaudnn (0.4 nsuasn laniu)

WoaneFaiiluilse Tomiogluszdnnoudnedi 8 Tadnfudenlaniy) InunaFouiniy
sz Tomiegluszdurunars (74 iaansudenlaniy) fHUSinaeygiitiviivanalaonld 33

a

Haansuaen lansy anuyuanildouuna lesousglussaugs (24.2 wudluadenlansy)

@ 9 A o v 1 v o Y
Llﬁ&”[’]ﬁﬁ'l3@8ﬁ$ﬂ31uauﬁ3ﬂﬁﬂlﬂﬁﬂgﬁlu5Zﬂ‘]_l@l'] (50u0g 9)

3 SEAUANNYANTHY DIV IAY

[

a 4 a A Y A a =
Nﬁﬂ'li‘lJ5$LllLlﬂ')']ilQﬂilﬁmuﬁﬂﬁl@ﬁﬂuuﬁ@ﬂiu@'ﬁ']ﬂ% 2 TaglwlSuadunsedng
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Usinaeavesauag Inunendoniiluilsz Tomi aranuquannlasunnnlosou tazdns
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%ﬂﬂﬁ%ﬂ'ﬁ’i)llﬁﬁllllﬁ AU UsIuYeINeId15I9AY (2523) (G]'li'NNu”Jﬂﬁ 18)
G v J
3.1 Llﬂﬂﬂ%1QUﬁ18WH§LU6§ 12

a ~ (% = a S A a S v ] [
AUUUNITEAUANNNAN 0-30 LYUALUAT Nﬂiﬂﬂﬂl@u‘ﬂiEJ’NIQ@QiHﬁ%ﬂ‘U‘]JTU

[ 1

@ { o g {
naw Weaesauas Tnunandeouiniluilss lomiogluszauge aanuguana)asuunaleoou

agluszauiiunais uazdnsidosazanududnuad dwsuaAuaNsZAUANUAN 30-60

a2 W

a ' a a a a o A g d @ 9
LFUAUUANT WU ﬂuuﬂimm’aumﬂ’mq Waﬁﬂmﬁmﬂuﬂiﬂwu LUASBATITDINSAIY

sudunaegluszaud Twunadouiiduiss Tominazaranuquan nasuuaalossuegly

Y Y 3 1A = Jd [ Aa 1
seauiunaig me114mmmuuu:ummqﬂuﬁuyjmagiuimuﬂmﬂma clumms‘wﬂuma

v
o

d [
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[ J
3.2 Llﬂﬁ\‘]“]f"l?]l!ﬁ?ﬁlwuﬁﬁl']u@ﬂu

q

a [ J

Y
aulszavanugaanysalhunaisluauuuuazauas Tesauoy 1
a a @ { Jd o 1 {
Ysuaunseiag Tnunadenintluilse lexviogluszauiunais manuguanulasuuna

[l o o { o Jd 1 Y o A o
Tooouogluszaugann Woaresaiiluilse Temiogluszavgs uazdaniosazanududd

v
o ()

waegluszdud dmfuaualilsinasunioieg Usinaeaesafiduilse Tomd was

@ Y A o ] v o = A g Jd Y
onsorazaNuaNANUaeg luse AU Tnunadaunilulse ooy lussauiunais uay

[

manuyuani)asunna lovouogluszauga

4 a [ 4 a 1 o
ﬂ]‘ﬂ\i‘ﬁ 2 fﬂﬁ1J3$LlJ‘L!ﬁ$ﬂ‘lJﬂ'J']3JQﬂiJﬁ3J‘1Qliﬂ!ﬂl@ﬁﬂuﬂﬂuﬂTﬁﬂTﬂTiﬂﬂﬂ'E'NGU'ENLL‘]J'QQGD'"I%HETWEI

@

4 4 ) 1
UBIUDT 12 agNUoY

Available
Depth OM CEC BS  Total score Rating
P K

(em)  (gkg) (~—mgkg' ) (cmolkg) (%)
#12
0-30 32.1(2) 52 (3) 96 (3) 12.9 (2) 30 (1) 11 Medium
30-60 14.8 (1) 5(1) 66 (2) 149 (2) 13 (1) 7 Low
Oolong
0-30 29.5(2) 39(3) 86 (2) 38.9(3) 10 (1) 11 Medium
30-60 13.0 (1) 8 (1) 74 (2) 242 (3) 9(1) 8 Medium

as a 1 o a ya Y
winaia I5UszdiuszauanuganauysaivesdulgIsms Iiazuuy
o ] <
@wavazunuedluiruduluniiig)
(Y 1 A o <o
Taonzuuus WM 7 viotlosndn AuiiszauANUYANTUYTBIM
1 [ a @ 4
AZUUUIINBYILHIN 8-12 AUTTZAUANNYANANYIBI)UNA1

1 Y a @ t4
ﬂzuuuimmﬂmm%mmu 13 ﬂuﬁimummqﬂuﬁuyimq‘rd
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4. wavesgluuumsdamsiloneaniinau

@ 1+ o w ' <3| q’j ' @ +
19910 ladjemudrsunaaseaia q Wunar 2 ass wun guunisdansile
1 1 wvAa a YA 1 [ aa 9 1 1T A a a
dawareauiiauinlszmsvesaulianuuanannunieadd 1dun miesau Usuw
L o s A : o o ¢
Twunasouniluise Teand uazezqitiuiuanidonld veunlawnIunaesdieiug lag

nMstamsilonuuee o dawafeauliiauuuIINNTIAUEN (TNRHUINT 6 Lag 7)

1T A
4.1 ANLDY

@ [ a

1 o 1 1 o ya =1 [ 9 1 o w
ﬂ']ﬁﬁlﬁllaj'l 2M31 2,000 ﬂTaﬂiﬁJGl’e)”l'i‘Vlﬂ‘mﬂu‘uuuﬂmmﬂuﬂiﬂuaﬁlﬂmmi°.IJ

U

¥ [ v o w Aaa a 1 [ o o @ 4
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4 ~ o o ~ o JY 1 ~ Aas
W03 12 (WA 3n) uag 5.6 s utlasrauaeiugnuesuy (Mwh 3v) luymznIsns
o + 1 1 Yya A1 A 1 A o v 4
Tamsijouuueng o dawaldauiiaiieyod luide 4.8-5.3 nag 4.5-4.8 Tuuilaseneiugiues

9 ! o w
12 agniueau @uaIay
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[
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9§31 2,000 ﬂiaﬂiiﬂ@]@]lﬁ dana lAA e INIANUULazANa1s Juud THMWNAUINAIN

[
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Tunau Fanuanuduiules 1iuaay Sufansdumuanliliidunsalddre (Brady

and Weil, 2007)
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N1
Hn
M T3
B4 14

EA 15

Topsoils Sub soil

Soil pH

SR
RSN,

Topsoils Sub soil

A A 1A a o V) + ' a
MANN 3 ﬂ'lil‘]JﬁEmLL‘]Jﬁ\‘]ﬂTWL’E')Glfﬂuﬂ?ﬁl‘ﬁﬁ\iﬂﬁﬁ]ﬂﬂﬁ“qufJE‘]JLL‘U‘UGIN & VANAUUU (0-30 4d.)

a v o J v v
HAZAUAN (30-60 Hi.) Gluuﬂawﬁumﬂwu‘qmaﬁ 12 (n) uazﬁwwu‘qﬁjmaau V)

wneme  Sasnysfiuand iy ueashiinnuuandesumeadaiszdunnuieiiudosas
99 1Az 95 MNTUFBUMBRURIUDST 12 tagMudoun Iy
T1 lutimsladfo
T2 Tdya326a31 2,000 ATansuse'ls
T3 ldijoiniions1 75.2-5.6-5.6 nn. N-P,0.K,0 ao'ls
1A '

T4 ld{lenniidns1 75.2-5.6-5.6 nn. N-P,0.K,0 Ao lshitimsutislalulasinudenss

T5 ldijoiniions1 37.6-2.8-2.8 nn. N-P,0.K,0 @ lsnimsutisla’luTasinuasnss
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J 1 4 Qs: A 1
Zhang (1998) 118 Whalen et al. (2000) Wi ms laijoasnielugiiriunsdosaaiy

[ 1 1 Y1 A a Q' d?} -+ d’w [N} 1
Lm&’ﬁlx‘llluﬁl’ﬂﬁlﬁﬁﬁl wmwa“lwmwmwmﬂmwmu IﬂﬁlmWWZﬂﬂﬂ’ﬂﬂ“ﬂﬂQqNPﬂuﬂﬁﬁlﬂﬁlﬁﬁWﬂ

] =y Y [ = [ Q( d' YR a A =+ a
WUAYINUNUNTANYIVDIANANA LLAZAMUE (2542) “Vl‘lﬂf"fﬂ‘HWGWﬁWﬁﬂJ@Qﬂﬂﬂ@ﬂiuslgﬂﬂu?j‘U

da o

1 o a <3
NN Uﬁl?mﬁuﬂ?éﬂﬂ@1ﬂ1§ﬁﬁjlwsﬁﬁﬂﬁ WU'J1 ﬂTﬁiﬁﬂﬂﬂ@ﬂV]’]ﬁlﬁ!ﬂuﬁﬁﬂWWﬂ'J’]iJHJUﬂﬁﬂﬁﬂ

= o

F4
G‘hﬁﬁ ‘ﬁﬁ@ @ﬂuﬂﬁuﬁﬂﬂ@ Vlﬂﬂﬂ"IWL’E'JGHGUENﬂuLWMq\‘l‘UH

[

4.2 1Snadunieing

Qq

= v d 4 a a A o A T a Yya
u.ﬂawmuﬁmwumum 12 1Jimtuau‘mEnmmﬁzfdmagiu@uuumﬂ%’mmi

q
v

[ + 1 (= 1 [ an A Yo v W a [
Jamsdlonuuaie q lufianuuanaenuneada Tasutlasin 1dsuyaingns 2,000 Alansy

1
v ' o w A =

1 L= Y Yy a = Aa 1+
G]’E]llii mmﬂuui‘mwmﬁﬁzﬁmummmmmmmmﬁmammm mﬂmjmﬂ YRIRGIAR

o 9

0o laelilsuaunidy 317 asuaen lansy dmsumsld ﬂEJLﬂﬂJ’E’JG]TI 75.2-5.6-5.6 NN.

o = a0 1 5

1 T A Y Yy a ) o o 1T Aa [
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Properties of cattle manure

pH

EC (dSm™)
Total N (%)
Total P (%)
Total K (%)

3.35
1.08
0.29
1.25
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) Replication
Properties Treatment Average
1 2 3 4

pH T1 4.7 4.4 4.1 4.9 4.5
T2 4.5 4.7 4.8 4.7 4.7
T3 4.1 4.1 49 51 4.6
T4 4.7 4.4 4.7 52 4.8
T5 4.6 4.7 4.8 4.8 4.7

OM (g kg™ T1 3739 3361 3430 3430 3490

T2 2641 33.96 284 3773 2524
T3 26.07 3018 3018 339 30.10
T4 3293 2675 3739 3053 31.90
TS5 3259 3396 2881 3053 3147

Total N (gkg?) T1 109 137 144 154 136
T2 130 102 126 161 130
T3 130 130 088 154 125
T4 137 074 165 109 121
T5 084 137 105 109  1.09
Availble P (mg kg™ T1 4250 2750 5000 5750 44.38

T2 250.00 28.00 500 20250 121.38
T3 95.00 850 14.00 50.00 41.88
T4 13.50 6.00 2550 55.00 25.00
T5 30.00 13.50 950 5250 26.38

Availble K (mg kg™ T1 13946 9201 12960 7426 108.83
T2 99.22 5042 5519 119.36 81.05
T3 55.39 4640 130.19 15343 96.35
T4 15070 100.00 10574 80.33 109.19
T5 5487 16136 5395 6544 8391

Exchangable Al (mg kg™) T1 098 121 162 051 108
T2 093 082 102 067 086
T3 209 251 096 047 151
T4 088 133 082 036 085

T5 1.39 0.90 1.54 0.63 112
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. Replication
Properties Treatment Average
2 3 4

pH T1 4.1 38 3.8 5.1 4.2
T2 4.1 4.2 4.4 4.8 4.4
T3 4.9 35 4.6 5.1 45
T4 4.0 4.1 5.0 4.9 45
T5 4.0 4.0 4.4 4.4 4.2

OM (g kg™ T1 1450 1441 1784 1096 14.43
T2 1269 1509 1612 1338 14.32
T3 1475 1475 1372 1509 1458
T4 17.15 1338 1372 1441 1467
T5 17.84 1338 1715 1509 15.87

Total N (g kg™ T1 056 070 074 046 061
T2 056 049 074 039 054
T3 063 056 039 046 051
T4 074 042 049 046 053
T5 056 042 049 049 049

Availble P (mg kg™) T1 200 100 350 500 288
T2 2750 375 150 950 10.56
T3 075 275 100 500 238
T4 125 150 200 350 206
T5 1250 200 175 350 494

AvailbleK (mg kg™ T1 30.06 8510 4679 107.71 67.41
T2 4871 4024 2379 11501 56.94
T3 6402 7664 4125 90.08 68.00
T4 5742 7849 18877 7342 9952
T5 2460 6756 17.82 49.04 39.75

Exchangable Al (mg kg™) T1 224 1.53 1.63 0.60 1.50
T2 196 226 283 016  1.80
T3 119 269 207 017 153
T4 152 221 180 037 148
T5 240 204 047 135 157
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) Replication
Properties Treatment Average
1 2 3 4

pH T1 4.7 4.8 52 4.5 4.8
T2 51 53 4.8 4.6 5.0
T3 4.9 51 4.8 4.6 4.9
T4 4.3 5.7 4.5 4.5 4.8
T5 4.7 54 4.9 4.9 5.0

OM (g kg™ T1 2332 2401 3293 3327 28.38

T2 3121 2401 315 2916 28.99
T3 3704 3396 2710 2984 31.99
T4 3190 3361 2984 2435 29.93
T5 26.75 3121 2470 3018 2821

Total N (g kg™) T1 088 091 119 119 104
T2 119 105 140 112 119
T3 116 147 109 116 1.2
T4 140 105 123 112 120
T5 1.05 077 067 112 090
Availble P (mg kg™?) T1 900 600 2400 8500 31.00

T2 4250 1850 3250 1350 26.75
T3 150.00 3450 10.00 55.00 62.38
T4 1350 6750 1200 1200 26.25
T5 21.00 2700 11.00 11750 44.13

Availble K (mg kg™ T1 60.05 7108 14972 7620 89.26
T2 12113 7646 5311 9585 86.64
T3 2034 8493 10036 10320 79.46
T4 5370 103.08 6024 57.07 6852
T5 11643 10425 10361 9593 105.06

Exchangable Al (mg kg™) T1 0.75 0.42 0.08 0.39 0.41
T2 0.31 0.69 0.12 0.24 0.34
T3 0.22 0.33 0.52 0.08 0.29
T4 0.42 0.21 041 0.75 0.45

T5 0.47 0.21 0.43 0.32 0.36




4 wa a v 1 o v J
ﬂ'li'l\‘lN‘Ir!'Jﬂ"?l 5 ﬁll‘]JG]ﬂ?ﬂlﬂﬁﬂl@ﬂﬂﬂﬂ']ﬂﬂ@ﬂﬂ']ﬂ']iﬂ@ﬁ@ﬂﬂl@ﬁ%']%uff’lﬂ‘wu‘ﬁfs{'lu

1

q

29U

73

. Replication
Properties Treatment Average
2 3 4

pH Tl 4.7 4.7 4.5 4.3 4.6
T2 4.5 4.5 4.7 4.9 4.7
T3 4.3 4.8 4.8 4.7 4.7
T4 4.5 5.0 4.2 4.5 4.6
5 4.5 4.9 4.0 51 4.6

OM (g kg™ T1 11.32 1441 1372 1441 1347
T2 1063 1406 1338 1852 14.15
T3 11.32 1063 11.32 1372 11.75
T4 1406 1475 1681 1166 14.32
T5 1063 1235 1029 1269 11.49

Total N (g kg™ T1 032 046 046 049 043
T2 0.32 0.35 0.53 0.67 0.47
T3 0.42 0.39 0.42 0.46 0.42
T4 0.63 0.56 0.60 0.35 0.54
T5 0.32 0.46 0.28 0.28 0.34

Availble P (mg kg™ izl 1.75 0.75 150 10.00 3.50
T2 1.50 0.25 3.00 9.00 344
T3 2ol 0.50 250 12.00 4.44
T4 3.00 5.50 200 10.00 513
T5 1.50 1.50 1.00 85.00 2225

AvailbleK (mg kg™ Tl 6556 9531 7089 48.04 69.95
T2 5949 6455 6326 10947 74.19
T3 46.60 44.80 8381 99.88 68.77
T4 7550 56.77 6204 9784 73.04
T5 60.47 10834 8141 8297 8330

Exchangable Al (mg kg™) T1 1.10 0.74 181 2.18 1.46
T2 0.86 0.28 1.88 1.10 1.03
T3 0.51 1.60 1.69 0.96 1.19
T4 0.04 1.01 1.92 2.33 1.33
T5 0.98 1.39 1.80 0.50 1.17
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pH 1:1 OM Total N Avall.P  Aval.K  Exch. Al
Treatment 1 -1
(------- g kg -------- ) (- mg kg --------------- )
Topsoi 1Y 4.7 32.1 1.2 52.0 96.0 29.2
T1 5.2b 28.1 0.7 26.4 83.5b 36.4
T2 6.2a 31.7 0.8 62.7 408.5a 18.6
T3 4.9b 27.0 0.8 50.5 87.1b 31.2
T4 5.1b 28.0 0.7 48.9 90.3b 37.6
T5 4.8b 28.6 0.6 38.6 81.5b 36.2
F-test? *2 ns ns ns o ns
Subsoil¥ 4.4 14.8 05 5.0 66.0 425
T1 5.1 13.2 04 19 64.7b 52.5
T2 5.1 14.2 0.3 6.5 182.3a 27.6
T3 4.7 12.2 0.3 5.3 78.2b 48.4
T4 4.6 13.6 0.2 6.0 72.3b 42.6
TS5 4.4 13.9 0.3 2.8 53.9b 54.2
F-test? ns ns ns ns kY ns
wnema ¥ AuRAsueem AT IZHUaALL (0-30 IUAAT) LazAuA1e (30-60 UALAT)

ABUNINITNADDY

¥ ns = TITANUUANAIAUNIADA; ** = LANAIINUNADANTZAVANUIF BN
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pH 1:1 OM Total N Avall.P  Aval.K  Exch. Al

Treatment 4 9
(- g kg -------- ) (- mg kg --------------- )
Topsoil? 4.9 29.5 1.1 39.0 86.0 10.0
T1 4.7b 30.3 11 34.0 99.7b 40.1ab
T2 5.6a 29.8 0.9 37.1 317.0a 20.6¢
T3 4.8b 29.7 1.0 93.9 113.0b 28.0bc
T4 4.8b 28.2 11 474 77.5b 31.4bc
T5 4.5b 30.3 11 30.8 99.2b 48.0a
F-test? * ns ns ns % *
Subsoil¥ 4.6 13.0 0.4 8.0 74.0 33.3
T1 45 13.1 0.5 52 575 47.3
T2 4.5 13.7 0.4 18 84.7 40.1
T3 4.5 13.8 0.4 51 67.7 47.7
T4 4.4 13.9 0.3 5.8 59.0 45.7
T5 4.8 13.6 0.5 3.7 65.4 459
F-test? ns ns ns ns ns ns

U { =Y 4 a a a 1 a
nNHa  AURAGYDIAIAATIZHYDIAUDY (0-30 IFUANAT) LAZAUEI (30-60 LEUALLAT)
ABUNINITNADDY
2/ = ' 9 an ' [ aad Y A o
¥ ps = TTANUUANAINUNMIADA;*, ** = LANA N UNIADANTLAVA NI
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Leaf fresh weight? (kg rai™)

Treatment

1 2 3 Total
T1 184 113 70 367
T2 185 133 86 404
T3 235 123 83 441
T4 232 137 85 453
T5 202 122 86 410

F-test? ns ns ns ns

Y
[

g A { Y 2 g A
wnaya MsnuneInsin 1 uag 2ludeunueisy uasngAINeu 2551 wazmsNung)
qul A A o J
asan 3 Tudeunuaiug 2552

¥ ns = Tudianuuanaadiunieana
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Leaf fresh weight! (kg rai™)

Treatment
1 2 3 Total
T1 104 100 51 256
T2 89 102 51 242
T3 82 105 67 254
T4 104 109 76 289
T5 95 126 77 298
F-test? ns ns ns ns
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Leaf dry weight! (kg rai™)

Treatment
1 2 3 Total
T1 61 40 26 128
T2 61 47 33 141
T3 76 44 32 153
T4 76 48 32 156
T5 67 39 33 139
F-test? ns ns ns ns
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Leaf dry weightY (kgrai™)

Treatment
1 2 3 Total
T1 39 38 20 97
T2 37 37 21 95
T3 33 40 27 100
T4 43 41 31 115
T5 37 46 32 114
F-test? ns ns ns ns
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Nitrogen? Phosphorous Potassium?
Trestment = 5 3 1 2 3 1 2 3
(- % ------- ) (- s ) (- % ------- )

T1 367 339 4.09 035 033 044 216 265 207
T2 407 378 3.64 034 032 041 204 269 255
T3 433 359 412 032 034 045 202 257 216
T4 405 393 345 036 034 043 191 278 240
TS5 405 3.68 5.00 032 035 045 205 276 257

F—teﬂzl ns ns ns ns ns ns ns ns ns
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Nitrogen? Phosphorous Potassium?
Tregment ) @1 3 1 2 3 1 2 3
(- % ------- ) Ya iarsi ) (- % ------- )

T1 342 378 4.30 037 030 0.50 194 208 204
T2 356 378 337 036 030 048 198 262 207
T3 360 350 3.28 037 029 053 194 208 205
T4 373 362 320 035 028 046 191 262 181
T5 316 375 3.27 033 030 050 188 253 201

F-test? ns ns ns ns ns ns ns ns ns
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Nitrogen? Phosphorous Potassium?
Treatment 1 2 3 1 2 3 1 2 3
(------ kgrai ------ ) (------ kgrai ------ ) (------ kgrai ------ )

T1 226 136 1.07 021 013 012 133 106 054
T2 249 176 120 021 015 014 125 125 084
T3 331 157 134 024 015 0.15 15 112 0.70
T4 307 187 112 027 016 0.14 145 132 0.78
T5 271 145 164 022 014 015 137 108 084

F-test? NS ns ns ns ns ns ns ns ns
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Nitrogen? Phosphorous Potassium?
Treatment 1 2 3 1 2 3 1 2 3
(------ kgrai ------ ) (------ kgrai ------ ) (------ kgrai ------ )

T1 132 145 0.88 014 012 0.10 0.75 080 042
T2 131 141 071 013 011 0.10 0.73 098 044
T3 120 139 0.88 012 012 014 065 082 0.55
T4 159 149 1.00 015 012 0.14 082 108 057
T5 116 172 105 012 014 0.16 069 116 064

F-test? ns ns ns ns ns ns ns ns ns
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d’ a = [ £ a = v 4
A1TNNUINN 16 ﬂiiﬂmﬂﬁqmu!.ﬂﬂ‘ﬁ'lﬂ’mﬁﬁ‘Haﬂi’Jll‘VmQﬂGUElQ%1i]‘L!fﬂEJW‘LJTg’L‘]JE]i 12 g

v JY 1
TYNUTNIUDOU
Nitrogen Phosphorous Potassium
Treatment #12 Oolong #12 Oolong #12 Oolong
(------ kgrai ------ ) (------ kgrai ------ ) (- kgrai ------ )
T1 4.69 3.64 0.46 0.36 2.93 1.96
T2 5.46 3.44 0.49 0.34 3.34 2.14
T3 6.21 347 0.54 0.38 3.37 2.02
T4 6.05 4.09 0.57 0.41 3.55 2.46
T5 5.79 3.92 0.50 0.42 3.30 2.49
F-test? ns ns ns ns ns ns
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(AT ErY, 2547)

Rating
Nutrient (%)
Deficiency Sufficiency High
N <3.80 3.80-4.80 > 4.80
P <0.19 0.19-0.25 >0.25
K <1.80 1.80-2.00 >2.00
Ca <0.40 0.40-0.60 > 0.60
Mg <0.15 0.15-0.30 >0.30
S <0.10 0.10-0.30 >0.30

Y J a L3 a
ﬂ]i]@ﬂu?ﬂﬁ 18 Lﬂimmmm@;mclumiﬂ’izmummqﬂuﬁuyimmamu

(NBIF1TIVAU, 2523)

oM Aval. P Avail. K CEC BS
Sail fertility rating
(gkg!)  (mgkg’) (mgkg?) (cmolkg®) (%)
Low <15(1) <10(1) <60 (1) <10(1) <35(1)
Medium 15-35(2) 10-20(2) 60-90(2) 10-20(2) 3575(2)
High >35(3) >20(3) > 90 (3) >203) >75(3)
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(LSU, 25421; Land Classification Division and FAO Project Staff, 1973; Soil

Survey Division Staff, 1993)
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Soil properties Range Rating
Sail pH (1:1 Soil: H,O) <35 Ultraacid
3544 Extremely acid
45-5.0 Very strongly acid
5.1-55 Strongly acid
5.6-6.0 Moderately acid
6.1-6.5 Slightly acid
6.6-7.3 Neutral
7.4-7.8 Slightly alkaline
7.9-84 Moderately adkaline
8.5-9.0 Strongly akaline
>9.0 Very strongly akaline
Organic matter (g kg™) <5 Very low
5-10 Low
10-15 Moderately low
15-25 Moderate
25-35 Moderate high
35-45 High
> 45 Very high
Total nitrogen (g kg™) <1.0 Very low
1.0-2.0 Low
2.0-5.0 Moderately
5.0-7.5 High
>75 Very high
Available P by Bray 1l <3 Very low
(mg kg™ 36 Low
6-10 Moderately low
10-15 Moderately
15-25 Moderate high
25-45 High
> 45 Very high
Available K by NH4OAc <30 Very low
(mg kg™ 30-60 Low
60-90 Moderately
90-120 High

> 120 Very high
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Soil properties Range Rating
Extractable bases (cmol. kg™)
Ca <20 Very low
2-5 Low
5-10 Moderately
10-20 High
>20 Very high
Mg <03 Very low
0.3-1.0 Low
1.0-3.0 Moderately
3.0-8.0 High
>8.0 Very high
K <0.2 Very low
0.2-0.3 Low
0.3-0.6 Moderately
0.6-1.2 High
>1.2 Very high
Na <01 Very low
0.1-0.3 Low
0.3-0.7 Moderately
0.7-2.0 High
>20 Very high
Sum bases <26 Very low
2.6-6.6 Low
6.6-14.3 Moderately
14.3-31.2 High
>31.2 Very high
CEC by NH4,OAC <3 Very low
(cmol kg™ 35 Low
5-10 Moderately low
10-15 Moderately
15-20 Moderately high
20-30 High
>30 Very high
%Base saturation <35 Low
35-75 Moderately

>75 High
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