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Naruenatre Kietsermkajorn 2009: Zinc and Magnesium Fertilization for Growing Japanese
Cucumber on Basic Soil with High Residual Phosphorus and Potassium. Master of Science (Soil
Science), Major Field: Soil Science, Department of Soil Science. Thesis Advisor:

Mr. Somchai Anusontpornperm, Ph.D. 105 pages.

A trial to investigate the effectiveness of Mg and Zn fertilizers on yield of Japanese cucumber and
the concentration of nutrients in plant tissues was conducted at Huai Luek Royal Project Development Centre,
Chiang Mai province. The experiment was in RCBD, which employed 10 treatments of different rates of Mg
and Zn fertilizers and their combination such as 1, 2 and 3 g Mg plant” wk ', 0.1, 0.2 and 0.3 g Zn plant wk ",
and a combination of both nutrients at the rates of 1:0.1, 2:0.2 and 3:0.3 g plant'1 wk ' all along with

fertigation, each with four replications.

Results showed that there was no difference in fresh fruit yield of Japanese cucumber in grade 1
among treatments. The control tended to give the highest yield of 2,278 kg rai which was nearly similar to
2,266 kg rai ' obtained from the treatment applied with 0.3 g Zn plant’ wk . The application of 1 g Mg
plant” wk'' gave the highest fresh fruit yield in grade 2 of 2,040 kg rai' which was statistically significantly
higher than that of other treatments. The total amounts of grade 1 and 3 yields after applying the same amount
of Mg was still statistically highest (3,942 kg rai) compared to other treatments with the exception of the one
applied with 3 g Mg plant” wk ' that gave the yield of 3,136 kg rai . It can be noticed that the higher rate the
application of Zn, the greater amounts of yield in grade 1 and 2 were potentially gained. There was no

difference amount yields in grade U.

Application of Mg and Mg plus Zn at the highest rates significantly induced plant to take up more P
(0.6 and 0.7 %, respectively) into leaves than did the control which was similar to K uptake into leaves in all
treatments added with Mg and Zn fertilizers. There was no correlation between addition of Mg and Mg
uptake. The accumulation of Zn in leaves was tentatively higher when applied Zn fertilizer at the highest rate.
Results, however, showed no correlation between nutrients concentration and fresh fruit yield of Japanese
cucumber obtained from this study. The use of Mg at the rate of 1 g plant-l wk! clearly increased the fresh
yield and should be recommended to local farmer. Considering the yields as affected by Zn application,
increase of Zn fertilizer at much higher rates than at the ones used in this experiment or foliar application may

help increase fresh fruit yield of Japanese cucumber.

Student’s signature Thesis Advisor’s signature
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stock A 100 AA3 stock B 100 03
Ca(NO,),.4H,0 4kg KNO, 9 kg
KNO, 5kg CuS0,.5H,0 0.004 g
Fe-EDTA(13%) 03¢ KH,PO, 2 kg
(NH,),SO, 11 kg MnSO, 4H,0 0.035 g

MgSO,.7H,0 9kg
H,BO3 0.038 g
ZnS0O,.7TH,0 0.03 g
(NH,)Mo,0,,4H,0 0.002 g
5. gUnsaiilFlumsiRufesesiuiazuadu 18un wiaile guwmadn asnuaau
HAZAZINTITOUAY

6. pH meter
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8. Atomic Absorption Spectrophotometer
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1. MINWANUNTNAABN
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MTUMINAARIN 2 MgSO,.7H,0 8031 1 n3w/dw/dlaw
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(4 I3

MIUMINAADIN 3 MgSO,.7H,0 8031 2 n3w/dw/dlaw

v
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M¥umsnaaesii 4 MgSO,.7H,0 9a31 3 asu/Aw/dlad

v
% =

MYUMINAaeIi 5 ZnSO,.7H,0 8051 0.1 n¥u/dw/dew

v
% =

M¥uMIsnaaesi 6 ZnSO,.7H,0 8a51 0.2 n¥u/dw/dew

v
% =

M¥uMsnaaesi 7 ZnSO,.7H,0 8051 0.3 n¥u/dw/dew
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ATUMINADIN 8 MgSO,.7H,0 831 1 N3N uag ZnSO,.7H,0 8031 0.1 T/

du/dlan
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MTUMINADIN 9 MgSO,.7H,0 8312 N3N 1ag ZnSO,.7H,0 8031 0.2 T/

du/dlan
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3. malvie

M3 Inionan Inenaunin stock A 11ag stock B (15199 1) Tualsunauninu Tagldan

9
=~

M3 W (electrical conductivity: EC) aauquilsinadlen1dmmergueaaannaiu aeil

Flain 1 1981 EC AU 1.5 9GBuaomas (dS m’)
Flain 2 1981 EC 1171 2.0 0GB uaoimuas (dS m’)
Flain 3 1981 EC 1171 2.5 0GB uaoimuas (dS m')

u’/j LY P I~ ' " @ a 1 -
Fauadlarin 4 udull 1401 EC 16U 3.0 @G uaomas (dSm')
[~ U ] a =}
4. MINUNIDENIAUUAZ Y

[ a o 4 ! < @ 1 a o
4.1 ﬁﬂmaﬂymmumuwummﬁuﬁ (site characterization) HAZINUNIDYNAY NINT

yanguluusnansmualdivuianiig 1.5 was 017 2 was an 2 was (191, 25420; 25429)

] v
a = a =

9
' o o o a v a 1 Y 3 o [
Glﬂlm\1‘Viﬁl'lﬂu%‘Vnﬂ']iﬁﬂ‘kl']Lm3‘]/1']ﬂT@‘ﬁU']EJTiﬁ}']ﬁﬂﬂuﬁlHLL@ﬁ%%u NUAIDYNAUNYNITUNIU
Y ] ' 9
(disturbed soil sample) ATOUAQUBENTIBESDEAZ 60 VouloNHIMUIAIAZFY Miinszum
a o & Yy Ao a a da o A dg/ A 1 a
1 ﬂTﬁﬂiﬂJ Gﬁﬂi“ﬁ"'ﬂﬂﬂﬁﬂﬂ']luuﬂ'ﬁiﬂﬂ UATUNINWY (2550) mmmﬂwuwmamagiumnm
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ﬂ'lﬁ!ﬂ‘]JG]')@fJ']\‘i@l!LW@]Lﬂﬁ']gW‘]Jﬁll']ﬂ!‘ﬁ']?‘c]E]'I‘I’T'IﬁGI,HLL‘]JaQ‘VlﬂaﬂQ NUAIDYNAUNTEAUY

a a a 1 3 o 1 & 1 4
ﬂ'ﬂllﬁﬂ 0-15 1A 15-30 Y UAUATIINNIAU Tﬂﬂqmﬂmm’m 2 ﬁgﬂm@ﬁmuﬂm&l@a L‘ﬁﬁ]

il anngdsnangemnsiyluau

3 (% 1 A 3 (% 1 (% 9 9 (% 3
4.2 MINUAIBDYINNY Lﬂ‘UGI’J’E‘]EJNGlUWﬁ\?%?ﬂﬁﬂﬁlﬂﬁ"lﬂ@jﬂ@ﬁqlﬂi%ﬂ"lﬂ! 40 U Uasiny
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Tdgesamsnazinsizrvmlsuialulaswu Weavesa TnunaFey uaaFey uuniiiaewy
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9y 1 4 a

N3A 1 WAATI IAINETI 15-18 IFUANAT LAZFUNIGUINAN 2.5-3 LEUANAT
3 a 1 4
1N5A 2 Wasotanit ey 1210817 1520 tyuAINAs Lazid uW1guInaie 3.0-3.5
CHUALNIAT
A v J A < A o 9 Al A
1059 U UoNMN910n5A 1 uag 2 innlumaniuuianan Janyay 1A99u1n 1301

o ad 9 A A
amidlandosnannia
a da Y a wAa
5. mnmmwmﬂumaﬂgmmi
a 4 va
5.1 MIAATIEUANUANINNIYNIN

a J a . . . . . ]
5.1.1 ANFIEVINITNITSIYUDIDYNINAU (particle size distribution) Iﬂﬂ?‘ﬁnlﬂ!.ﬂﬁ
° H a '3
(pipette method) (Kilmer and Alexander, 1949) udnihwan ldnnnsiasziuenieg
dy a =Y =} [ q’j dy a 4 [ a
Uszinnileau lagnsilsoumMeun U0 AU NN UDINTZNTNINYATANTTOIUTN

(USDA textural class) (Soil Survey Division Staff, 1993)
5.2 MsasIzHautAmaad

v Y
5.2.1 YN501auU (soil reaction: pH) TaglHirlusasidiuduaetinniny 1:1 uaz
Aa 1 L @
Auasasazats Inunadeunae 15a ludasi 1:1 (Soil Conservation Service, 1984; National

. o 1 Y A A o A
Soil Survey Center, 1996) wazdaa laelaaseaiinianiioy (pH meter)

5.2.2 ﬂ?mm%uw?a%’mqiuﬁu (organic matter) 1935 Walkley and Black (Walkey

and Black, 1934)

5.2.3 USuas I Tas19U53u (total nitrogen) 1833 Kjeldahl method (Vimiiduas

N‘}Jﬂﬁ, 2551; Jackson, 1958)

5.2.4 YsumaleaveTaniulse Toand (available phosphorous) 1973 Bray II 1o
a51er S Tae 1435 colorimetric  (Bray and  Kurtz, 1945)  uazinduinIed

Spectrophotometer
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5.2.5 USua TnunanFou uaaien uuniliFoy uas Tadoufiana'ld (extractable
potassium, calcium, magnesium and sodium) lagnsanaaleuen TuHeues HanaNUTUIY 1
M dunana pH 7) (Pratt, 1965) naziailSuialaoldinies Atomic  Absorption
Spectrophotometer Iﬂﬁlmﬁﬂwﬂlﬂﬁﬁﬂ‘lfiNﬂlﬁWﬁUﬂ?ﬁﬂmmﬁﬂﬂJﬁﬁﬁﬂqﬁ (total bases)

Y
5.2.6 ﬁ;ﬁ‘ﬁmﬂizﬂﬂﬂﬂ l41ienana 0.005sM DTPA pH 7.3 (Lindsay and Norvell,
1978) ihansazatenanald lans1zdiSunaman dengd uaznouas TaeldiaTo9 Atomic

Absorption Spectrophotometer

5.2.7 ﬂﬂmﬂuﬂiﬂﬁﬁﬁ@w}} (extractable acidity) 1835 barium chloride-

triethanolamine pH 8.2 (Peech, 1965)

5.2.8 manuguanilasunan looou (cation exchange capacity: CEC) Tagnswe
Y = ) A A = a 9y
azanglessuvindlsuon TuflsnezFinanidunats uazunuiven Tuilovoz Hiaad 1o
= 4 A o ~ Y o
arsazare lmpounas 1sa 10 % luaaniidunsa aauren oy losou udrdiuinm

aanuguaniasuuan looauvodn (Peech, 1945, 1965; Chapman, 1965)

5.2.9 8a313P8azANUDNAINVA (base saturation percentage) 1A IABNITAIUIA
1 a A [ U = . .
nnavestsmanuasiunanala taganuguanidsuunalosou (CEC) (National Soil

Survey Center, 1996) 910gA3

Base saturation percentage = Extractable bases X 100

Extractable Bases + Extractable Acidity

] Y
5.2.10 YSuaundenazarein 18 1uay (soluble salts) 1ABA15IAAN electrical
conductivity Ma15a2a18ANDIUAT (saturated paste) AT IMsTh I vesensazarean

ABIAT993/D electrical conductivity bridge (Richards, 1954)



32
a d A A A
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M50 0UA08 19Ny 1hddeg1eansldganszmyeuiiguugil 70 osrmuwaFod U
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a =

o 1 A a oA < o o vy
NITATH Llagﬂﬂﬁjﬂﬂwﬁw%@ﬂﬂﬁﬂwgmﬁﬂﬂJ 70 DAL ALY T Lﬂulff]f‘n 4 "]f'JTNQ GN'VN]I:]%ULEJU

U

v v
A A

) o 4 a T o a Jd
Tu desiccator ‘Ll'lll'I°INLﬁ'E]°H'I‘]Jiil']ﬂlﬂ’)'lil‘lfu‘V]“I"iﬁﬁlﬁﬁ’ﬁ]@gﬂ@u‘]ﬂ']ﬂ']ﬁﬂmi']%ﬁ d“lf (Jones et al.,

1990)

k2
6.1 UsualuTasuneviua (total nitrogen) douaa1ufI106198 20 digestion mixture
a 4 a a
(H,SO,-Na,SO,-Se mixture) taznznlsua laes Micro-Kjeldahl (Isaac and Johnson,

1976; Bremner and Mulvaney, 1982)

4
6.2 USunaloane5ananua (total phosphate) §08aa18A19819A28 digestion mixture
(H,S0,-Na,SO,-Se mixture) uazdnazivsialaeds Vanado-molybdate yellow color

(Yoshida et al., 1971; Jones et al., 1990)

Y
6.3 YSuna TnummFounanua (total potassium) govaainlaely H,SO,-NaSO,-Se
o 4 % 4 v
mixture 1A IAAILATOL Atomic Absorption Spectrophotometer (MAND Lazees NY, 2551; Mill

and Jones, 1996)

Y
6.4 USuamaadoy uuniiGon tagdl5u1a9a519011M137 91N (total Ca, Mg Zn,
Mn, Fe, Cu) 111015698828 HNO,-H,SO,-HCIO, acid mixture digestion LagIAR181AT09

o 4 v d .
Atomic Absorption Spectrophotometer (‘Vlﬁﬁﬂ 1aLAIINY, 2551; Mill and Jones, 1996)
a ¢y aa
7. ﬂ]i?!ﬂ§1$‘ﬁ"“ﬂyﬁ‘ﬂ1ﬂﬁﬂﬂ

a J 3 a J aa
')Lﬂ31$?7%@Hﬁﬂﬁﬁuﬂiﬂﬂﬂ?ﬁmﬂi”ﬂﬂﬂ')"liJLL‘]Ji‘lJi'JU“VHQﬁﬂGI (analysis of variance)
INOHINNULANA VBRI UM INAADIA1 9 indoyalauanarsluszauanuseiunios
dgl o 9 3 =1 =1 1 aa 9 .
az 95 ¥ul) ihdeyariunSeuoumanuuana19n19aaa lag 19 Duncan’s multiple range

4 o A o oa &
tests (DMRT) mzﬂummwauquwu
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8.1 4D1UN

= ya4 A A ¢ o y =
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Aruatl e suneween 3arIntee ln

a o a wa a wa a a
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Auiiaauilunuy Apk-Bk-Bt (1101 3)
1.2 T3 1UIMe1UDIAY
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Horizon

Depth Soil Color ~ Texture Structure Consistence pH Boundary Others

(cm)

Dry Moist Wet

HL2-Udic Haplustept: Chiang dao district, Chiang Mai province

Apkl 0-12 10YR 3/2 C 3 f-m SBK S F MS and VP 8.5 CandS

Apk2 12-33 10YR 3/4 C 3 m-c semi ABK VH VF MS and VP 8.5 Cand S

Bkl 33-50 10YR 4/3 SGC 3 f-m SBK SH VF MS and VP 8.5 Cand S

Bk2 50-71 10YR 4/3 C 3 f-m SBK SH SF MS and VP 8.5 Cand W

Bk3 71-92 10YR 5/4 C 3 f-m SBK SH F MS and VP 8.5 Gand S

Bk4 92-129 10YR 5/6 SGC 3 f-m SBK SH SF MS and VP 8.5 GandS

BkS 129-165  10YR5/7  SGC 3 f-m SBK SH SF MS and VP 8.5 Cand$S

Bt 165210+ 10YR 3/3 C 3 m-c SBK H F MS and VP 8.5 -
HUYIHA Texture: C = clay, SGC = slightly gravelly clay
Structure: 3 = strong, f = fine, m = medium, ¢ = coarse, SBK = subangular blocky structure, ABK = angular blocky structure
Consistence: S = soft, SH = slightly hard, H = hard, VH = very firm, SF = slightly hard, F = firm, VF = very firm, MS = moderately
sticky, VP = very plastic

Boundary: C = clear, G = gradual, S = smooth, W = wavy

9¢



37

1.3 gudaniemennuazinil

a a a d 3}1 a
AuuuanszINm 33 AR NANTANTITHNITUINNTLIIBFUBYNIAAY W1
1A ~ dy a I a ~ aaa a 3 1 @ . A A 1w
N Auvuilieauluaumiie U9ATe1vesanilua199a (strongly alkaline) HANBSNINY
a oAk g oa = a o ' v A1 A 1w ' a a2
8.5 AuYUABUAN oI AL e Aulua1eda TMNeMIAY 8.5 AIUANADLANANAY
1 a a dy a a ~ aan a I 1 @ 3
ua 33 wudwasasll Difeawdudumiionlunsia Ugasoauiluaredanasanndu
1 1 1w ] @ a J a < 1A
Aranuilunsa-aruiify 8.5 fuiu wamsimsigdmaniivesdu uaaslfiiudi du
d! a A A a A W 1 9J = A o ] 1
ABUVUNING I T2 33 suawas HUsuudunIeiagaeutegedge Indeegszning
31.9-43.0 n5wasnlaniy anuguanilasunna levounsudiagedega (13.0-13.5 wualua
1A o [ { J a a o 1T Aa o
aonlansu) eaweFaiuiduilss Tomiqanin 492.7-005.4  Tadanfuaedlansu) uay

a o 1A

a A g L4 a [ 1 a J 3 1
I‘Wl!ﬂﬁ!%ﬂwﬂlﬂuﬂigiﬂ%uqxiu'lﬂ (122.7-246.2 llﬂﬁﬂﬁll@'l@ﬂiﬂﬂﬁll) AIUAUADUANAULA 33

v
o

wuamasasll SUsmadunieiagihunaisdedmin 4.6-183 nSuaenlaniu) g

uanuldouuana leseuthunastegs Usunaearefaniuilsy Tovudmdsgauazlusedy

D.

= ' a 1A o A ¢ a d?
AMNANTEHI19 165210 tuduas wua Bveavesatidulse Tomiiiuiiu vazd
! 7o a a o 1A [ 1 a .
TwumaFouiiiluiss Tomiddageunn (34.8-158.1 Haansudenlaniy) nanlasag Aud
v
wimsanyniuiidiuasigeimsausssunage uaauianianenimevezduilym
1 A 9 A ddy I a =\ £ 9 = ~
aomsrou lyvessniisihaiesninlilotluaumileadenoutnaiuiiu (M9 2, 3 uag

4)



38

| 9 Y Y v
ﬂ'l‘é'l\‘lﬁ 3 NSHINNTTINWVYUIADUNIANN 9 wazFwiloauvesauluiiuninaaes

Particle size distribution

. Depth .
Horizon (gkg) Textural class
(cm) Clay Silt Sand
Apkl 0-12 572 358 70 clay
Apk2 12-33 594 344 62 clay
Bkl 33-50 432 455 113 silty clay
Bk2 50-71 527 303 169 silty clay
Bk3 71-92 544 298 158 clay
Bk4 92-129 406 427 167 silty clay
Bk5 129-165 399 448 153 silty clay loam
Bt 165-210+ 613 341 45 clay

H Y 1
M3 4 FerALLazAnIUZ 5190 ITveIaU luiuNnanes

Depth Soil reaction (1:1) ~ Organic matter ~ Total N Avail.P  Avail.K

Horizon
(cm) HO  Kcl (gke) (gkg) (mgkg) (mgkg")
Apkl 0-12 7.8 6.8 42.7 3.2 905.4 246.2
Apk2 12-33 8.0 6.8 319 1.5 492.7 122.7
Bk1 33-50 8.2 7.7 7.7 1.1 36.4 146.1
Bk2 50-71 8.2 6.6 18.3 0.7 16.9 36.9
Bk3 71-92 8.3 7.1 9.1 1.4 6.7 85.6
Bk4 92-129 8.3 7.0 4.7 0.7 15.6 158.1
BKkS 129-165 8.4 7.1 6.3 0.6 15.8 98.1

Bt 165-210+ 8.3 7.1 10.5 0.8 172.4 34.8
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Sum
Depth Extractable base (EB) Ext. CEC

of
Horizon BS (%)

(cm) Ca Mg K Na EB Acidity Sum NH,OAc

A
v

cmol(+) kg_l

Apkl 0-12 9.4 1.4 06 0.1 115 2.0 13.5 21.2 54.1
Apk2 12-33 9.5 1.2 03 0.0 11.0 2.0 13.0 20.5 53.9
Bkl 33-50 112 0.8 04 0.0 125 0.5 13.0 14.9 83.5
Bk2 50-71 7.5 0.8 0.1 00 &4 0.5 8.9 17.8 47.4
Bk3 71-92 9.9 0.7 02 0.0 1038 0.0 10.8 13.7 79.2

Bk4 92-129 5.8 0.6 04 00 6.8 0.0 6.8 11.2 60.9
BkS 129-165 5.4 0.7 03 00 64 0.0 6.4 11.0 57.9

Bt 165-210+ 5.3 0.6 0.1 00 6.0 2.5 8.5 21.7 27.6
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M3190 6 anFuavesiluaenandanadauainNyiju

3

Fresh fruit yield (kg rai )

Treatment
gradel grade 2 grade 1+2 grade U  grade 1+2+U
Control 2,278 1,189 ab 3,467 abe 3,156 6,623
Mglg 1,903 2,040 ¢ 3942 ¢ 2,952 6,894
Mg2g 1,589 1,157 ab 2,746 ab 2,994 5,740
Mg3g 1,694 1,442 abc 3,136 ab 2,696 5,832
Zn0.1g 1,007 687 a 1,694 a 3,470 5,164
Zn02g 1,879 1,183 ab 3,062 ab 2,652 5,714
Zn03g 2,266 1,088 ab 3,354 ab 3,116 6,470
Mgl g+Zn0.1g 1,344 980 ab 2,824 ab 2,788 5,612
Mg2g+Zn0.2 g 2,148 1,357 abe 3,505 abe 2,996 6,501
Mg3g+Zn03 g 2,144 1,522 be 3,666 be 2,962 6,628
F test ns * * ns ns
CV (%) 34.7 36.4 254 18.5 18.3
HINYYA * uaneITUNsaRATsE A IAMIETeIY 95%
ns  luenANAuNNana

1 d' 3 = Y d' 9 [ A o 1A 1 [ d'
ﬂ"lmﬁﬂﬂlulluﬁﬁﬁLﬂﬂ?ﬂﬂﬂ@TNﬂ?ﬂ@ﬂBiLWﬂJﬂUﬂuulﬂJiJﬂ’)'liJlLﬂﬂﬁNﬂu‘Vl

FTAUANUIFDIU 95 % 1a8 DMRT
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4 Y 9 '
M1 7 ansnavesdaijeasvinana hmindauaziiminudaveswaunanndiju

3

(nsa 1uag 2)

Fresh fruit Dry fruit Crude Number of Fruit size
Treatment yield yield fibre fruit
kg rai kg rai (%) per rai g fruit’'
Control 3,467 abc 92.8 2.7 23,000 150.7
Mglg 3,942 ¢ 105.6 2.7 21,200 185.9
Mg2g 2,746 ab 95.8 3.5 15,200 180.7
Mg3g 3,136 ab 96.1 3.1 20,000 156.8
Zn0.1g 1,694 a 53.1 3.1 17,200 98.5
Zn0.2¢g 3,062 ab 116.4 3.8 20,800 147.2
Zn03¢g 3,354 ab 93.0 2.8 20,200 166.0
Mgl g+Zn0.1g 2,824 ab 112.0 4.0 19,600 144.1
Mg2g+Zn0.2 g 3,505 abc 94.1 2.7 20,200 173.5
Mg3g+Zn03 g 3,666 be 96 2.6 25,400 144.3
F test * ns ns ns -
CV (%) 25.4 34.1 31.2 28.3
HUELTA) * uaneITUNsaRATsE AN 95%
ns  lNHANANAUNINADA

1 d' 3 = Y d' 9 [ A o (= 1 [ d'
ﬂ"lmﬁﬂﬂlulluﬁﬁﬁLﬂﬂ?ﬂﬂﬂ@TNﬂ?ﬂ@ﬂBiLWﬂJﬂUﬂuulﬂJiJﬂ’)'liJlLﬂﬂﬁNﬂu‘Vl

FTAUANUIFDIU 95 % 1a8 DMRT
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SOIL PROFILE DESCRIPTION

I Information on the site

Profile symbol :HL-2

Classification : Udic Haplustept

Date of examination : 25 May 2006

Described by : Irb Kheoruenromne, Somchai Anusornpornperm, Nakarintip

Putthasit, Suphicha Thanachit, Nattapol Chittamart,

Worachart Wisawapipat, Kosol Khenta and Salisa Sungviset.

Location : Ban Thai Samakkee, Tambon Ping Kong, Amphoe

Chiangdao, Changwat Chiang Mai

Elevation : Approximately 556 m (MSL)

Map sheet number : None Coordination: 47 0506424 E, 21 59394N
Landform

1. Physiographic position : Graded upper residual hill

2. Surrounding land form : Nearly flat

3. Slope on which profile site 1 2% Aspect: 92 Azi

Land use : Vegetables

Annual rainfall : Approximately 1,300 mm

Mean temperature : Approximately 27 ©C

Climate : Tropical Savanna

II General information on the soil

Parent material : Local alluvium over residuum derived from calcite bearing
rocks

Drainage : Well drained

Permeability : Rapid

Runoff : Slow

Depth of groundwater : Deeper than 210 cm at time of sampling



III Profile description

Horizon

Apkl

Apk2

Bkl

Bk2

Depth (cm)

0-12

12-33

33-50

50-71

89

Description
Very dark grayish brown (10YR 3/2); clay; moderate fine and
medium subangular blocky structure; soft dry, firm moist,
moderately sticky and very plastic; very few very fine, fine and
medium vesicular and few fine simple tubular pores; many very
fine and very few fine roots; few fine cracks, few traces of dead
roots, very few fine variegated sand; strongly alkaline (field pH
8.5); clear, smooth boundary to Apk2
Dark yellowish brown (10YR 3/4); clay; moderate medium and
coarse semi-angular blocky structure; very hard dry, very firm
moist, moderately sticky and very plastic; few faint clay coats
on faces of peds and pore walls; few very fine, very few fine,
medium vesicular and few fine simple tubular pores; very few
very fine roots; few traces of dead roots; few fine cracks; few
faint pressure faces; strongly alkaline (field pH 8.5); clear,
smooth boundary to Bk1
Brown (10YR 4/3); slightly gravelly clay; moderate fine and
medium subangular blocky structure; slightly hard dry, slightly
firm moist, moderately sticky and very plastic; common faint
clay coats on faces of peds and pore walls; common very fine,
few fine, very few medium vesicular and few fine simple
dendritic tubular pores; practical no roots; few fine angular
calcite bearing rock fragment; strongly alkaline (field pH 8.5);
clear, smooth boundary to Bk2
Dark yellowish brown (10YR 4/3); clay; moderate fine and
medium subangular blocky structure; slightly hard dry, firm
moist, moderately sticky and very plastic; common faint clay
coats on faces of peds and pore walls; common very fine, few

fine medium vesicular and few fine simple tubular pores;



Bk3

Bk4

Bk5

Bt

71-92

92-129

129-165

165-210+

90

practical no roots; few broken mollusk shell fragments; strongly
alkaline (field pH 8.5); clear, smooth boundary to Bk3
Yellowish brown (10YR 5/4); clay; moderate fine and medium
subangular blocky structure; slightly hard dry, slightly firm
moist, moderately sticky and very plastic; common faint clay
coats on ped faces and pore walls; very few very fine, common
fine, few medium vesicular, very fine simple and dentritic
tubular pores; practical no roots; few broken mollusk shell
fragments; few traces of dead roots; few quartz fragments;
strongly alkaline (field pH 8.5); gradual, smooth boundary to
Bk4

Yellowish brown (10YR 5/6); slightly gravelly clay; moderate
fine and medium subangular blocky structure; slightly hard dry,
slightly firm moist, moderately sticky and very plastic; common
faint clay coats on faces of peds and pore walls; common very
fine, fine, few medium vesicular, common very fine, fine
simple and dendritic tubular pores; practical no roots; few large
calcite bearing rock fragments; strongly alkaline (field pH 8.5);
gradual, smooth boundary to Bk5

Yellowish brown (10YR 5/6); slightly gravelly clay; moderate
fine and medium subangular blocky structure; slightly hard dry,
slightly firm moist, moderately sticky and very plastic; common
distinct clay coats on pore walls; few very fine, common fine,
few medium vesicular and common very fine simple tubular
pores; practical no roots; common calcite bearing rock
fragments with various sizes ranging from 1-5 cm.; few faint
pressure faces; strongly alkaline (field pH 8.5); clear, smooth
boundary to Bt

Very dark grayish brown(10YR 3/3); clay; moderate medium
and coarse subangular blocky structure; hard dry, firm moist,

moderately sticky and very plastic; common distinct clay coats
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on faces of peds and pore walls; very few very fine, fine,
medium vesicular and fine simple tubular roots; practical no
roots; few fine cracks; few trace of dead roots; few faint

pressure faces; strongly alkaline (field pH 8.5).
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Depth Horizon  pH EC OM Total N Avail. P Avail. K Ca Mg Na Zn Cu Fe Mn

(cm) @Sm") («— gkg—») (e—— mgke—p) (¢— cmol)kg—») ( «——— mgkg——» )
0-15 Topsoils 7.8 1.5 56.6 1.6 859.3 461.2 21.2 5.5 2.9 1.8 2.0 9.0 13.7
15-30 Sub soil 7.7 1.0 50.5 1.3 750.2 469.6 21.3 5.5 2.9 0.4 1.0 8.4 16.7

1/ 30 Tag pH meter 1:1 H,0

2/ 3a1ad electrical conductivity bridge 1:1 H,O
3/ Walkley and Black method

4/ Kjeldahl method

5/ Bray 11

6/ AfAA10 1 N NH,OAc pH 7.0

6
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ms1ewIni 2 Usinannududusigijenazaululouagma delimsldie

Nitrogen (g kg ) Phosphorus (g kg ) Potassium (g kg )
Treatment
Leaf Fruit Leaf Fruit Leaf Fruit
Control 42.1 38.7 53a 9.1 20.2a 64.3 bed
Mg 1g 47.7 39.6 5.4 ab 9.7 20.62a 66.6 d
Mg2 g 36.8 411 6.0abc 8.4 26.4b 56.5 a-d
Mg3g 38.9 42.3 6.4c 8.6 2720 65.6 cd
Zn0.1g 40.5 34.6 5.9 abe 8.1 26.3b 53.7 abc
Zn02g 38.0 40.6 6.2 be 7.3 258D 52.5 ab
Z/n03g 41.5 39.8 6.1 abc 9.5 263D 58.1 a-d
Mgl g+tZn0.1 g 36.0 41.8 5.8 abc 8.2 24.6b 48.3 a
Mg2 g+tZn0.2 g 38.0 39.8 6.1 abc 9.2 23.4 ab 54.4 a-d
Mg3g+Zn03g 429 40.8 6.5¢ 8.4 269b 56.3 a-d
F-test ns ns * ns *x *
CV (%) 23.8 21.3 8.7 16.8 9.7 12.9
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Magnesium (gkg') Calcium (gkg )
Treatment
Leaf Fruit Leaf Fruit
Control 7.2 4.7 359 11.1
Mglg 6.4 5.2 33.9 10.7
Mg2g 6.8 4.9 36.3 11.8
Mg 3 g 75 4.6 39.3 10.8
Zn0.1g 7.2 5.3 38.7 11.2
Zn02g 6.6 4.4 333 7.3
Zn03g 7.2 5.5 37.8 11.8
Mglg+tZnO.lg 5.8 4.3 325 8.3
Mg2g+tZn0.2 g 7.6 4.8 42.9 10.8
Mg3g+tZn0.3 g 7.1 4.8 38.5 11.2
F test ns ns ns ns
CV (%) 13.3% 12.4% 11.8% 20.9%
QBN fundomunndsluaediniferfuiinumasdaoiisaysimiousu i
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Zinc Copper Iron Manganese

Treatment (mgkg ) (mgkg) (mgkg) (mgkg)
Leaf Fruit Leaf Fruit Leaf Fruit Leaf Fruit
Control 22.5 41.1ab 4.4bc 25.0a 214.8 ab 92.1a 272 ¢ 13.8
Mglg 229 365a S4c 243 a 187.5a 122.3ab 21.8ab 15.2
Mg2g 25.2 36.1a 4.9bc 245a 2403 abc 126.7b 24.2abc 13.5
Mg3g 28.1 329a 4.8bc 253ab 236.3abc 122.2ab 26.0bc 154
Zn0.1g 28.1 37.6a 52c¢ 27.5abc 263.6 bc 93.0a 24.2abc 16.8
Z/n02g 27.9 392a 49bc 253ab 2322abc 104.1ab 21.9ab 13.2
Zn03g 282 53.6c 44bc 313d 2319abc 100.8ab 244abc 154
Mglg+tZn0.1g 23.6 36.4a 3.2ab 24.8 a 196.5a 1189ab 194 a 12.6
Mg2g+Zn02g 238 359a 27a 284bed 273.8c  97.lab 247bc  13.1
Mg3g+Zn03g 257 48.6bc 25a 29.1cd 2359abc 923a 273 ¢ 13.7

F tost ns - - - x x x ns
CV (%) 10.9 134 24.7 8.0 14.0 16.9 13.0 19.0
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4 1 a Jd a {0
MSIHUINN 5 1aaIn N 1275051901415 Tuunsn MY (Cucummis sativus 1.)

Plant Concentration range
Nutrient Growth Stage Country
Part Deficient ~ Adequate High

Nitrogen (g kg') Flower bud to  5th Bud
38.0-44.9  45.0-60.0 >60.0 USA

small fruit  from tip

Phosphorus (gkg')  Flowerbud to  5th Bud
2.8-34 3.4-12.5 >12.5 USA

small fruit  from tip

Potassium (g kg ) Flower bud to  5th Bud
32.0-38.9 39.0-50.0 >50.0 USA

small fruit  from tip

Cacium (gkg ) Flower bud to  5th Bud
9.0-13.9 14.0-35.0 >35.0 USA

small fruit  from tip

Magnesium (gkg')  Flowerbudto  5th Bud
2.2-2.9 3.0-10.0 >10.0 USA

small fruit from tip

Zine (mgkg) Flower bud to  5th Bud
15.0-24.0  25.0-100.0 >100.0 USA

small fruit from tip

Copper (mg kg) Flower bud to  5th Bud
4.0-6.0 7.0-20.0 >20.0 USA

small fruit from tip

Iron (mg kg ) Flower bud to  5th Bud
30.0-49.0 50.0-300.0 >300.0 USA

small fruit from tip

Manganese (mgkg') Flowerbudto  5th Bud
20.0-49.0  50.0-300.0 >300.0 USA

small fruit  from tip

N1: Jones et al. (1991)
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(LSU, 25421; Land Classification Division and FAO Project Staff, 1973; Soil

Survey Division Staff, 1993)

Y
1. ﬂﬁﬁ?awmﬁu (Soil reation), pH (ﬁu S =1:1)

€

LA (rating) N (range)
unsaguusanniige (ultra acid) <35
L‘]Cjuﬂﬁﬂigmlﬁﬂﬂﬂﬂ (extremely acid) 3.5-4.4
Wunsaiainn (very strongly acid) 4.5-5.0
L‘]Cjuﬂﬁﬂ%ﬂ ( strongly acid) 5.1-5.5
Wunsatunand (moderately acid) 5.6-6.0
Wunsadnilos (slightly acid) 6.1-6.5
nd]uﬂmq (neutral) 6.6-7.3
Wuarudnties (slightly alkaline) 7.4-7.8
Lﬂud1aﬂ1uﬂa1q (moderately alkaline) 7.9-8.4
Wuaeda (strongly alkaline) 8.5-9.0

Wuaadaun (very strongly alkaline) >9.0




2. Euw%”mq (organic matter)
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32AU (rating) Wele (g kg'l)
&0 (VL) <5
1 (L) 5-10
Aoutiad (ML) 10-15
1thuna1e (M) 15-25
ADUT9G (MH) 25-35
19 (H) 35-45
qa11n (VH) > 45

3. YSua luTas191u59 (total nitrogen)
32AU (rating) nee (g kg_l)
&0 (VL) <10
&1 (L) 1.0-2.0
1thuna1e (M) 2.0-5.0
3 (H) 5.0-7.5
qa11n (VH) >17.5




4. Usmaleanosaniluilsz Teand (available P) (Bray I1)

99

€

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

81 (L) 36
ABLTNIAT (ML) 6-10
1hunais (M) 10-15
Aoud19ge (MH) 15-25

3 (H) 25-45
N (VH) > 45

5. USuna TnunaGouiiiluse Tow] (available K) (NH,0A¢)

32AY (rating) Wele (mg kg'l)
&0 (VL) <30

&1 (L) 30-60
1thuna1e (M) 60-90

a9 (1) 90-120
qa1n (VH) > 120




6. wasanaia’ld (extractable bases) (NH,OAc)

100

521 (rating)

NAY (cmol(+) kg'l)

extr.Ca extr.Mg extr.K extr.Na extr.bases

éiwmﬂ (VL) <2.0 <0.3 <0.2 <0.1 <2.6
551 (L) 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
1thunais (M) 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3
99 (H) 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2
N (VH) >20 > 8.0 >1.2 >2.0 >31.2
HNLYA VL = éiwmﬂ (very Low)

L = & ow

ML = ﬂ'aueﬁ’wﬁw (Moderately Low)

M = A8 (Moderately Low)

MH = ?‘iﬁ]uslgl}ij: 1 (Moderate High)

H = 99 (High)

VH =

1IN (very Low)
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7. anuyuanilasunaa lesou (CEC)

32AU (rating) NAY (cmol(+) kg_l)
&0 (VL) 3

81 (L) 35
AT (ML) 5-10
1hunais (M) 10-15
Aoud19ge (MH) 15-20

3 (H) 20-30
qa1n (VH) >30

8. DNI1TPIAZANNDUF UL (base saturation)

LA (rating) Ny (%)
A1 (L) <35
1hunars (M) 35-75

I (H) >75




102

4 1 ) A Y
9 lﬂﬂ!“’ﬂﬂﬁLL‘U\‘]?Zﬂ‘UﬁﬂWWﬂiﬂuﬂﬂLﬂﬂﬂuqﬂ

32A (rating) Wele (cmol(+) kg )
§1170 <1.0

6%1 1.0-2.0
1hunag 2.0-5.0
AU 5.0-10.0

9 10.0-20.0
qaun >20.0

4 ] @ ] a
10. DUNNITUURTEAVANUURUIULUUTIVVDIAY

€

5¢A1 (rating) Wiy (mgm )
§1170 <1.2

&1 1.2-14
1hunag 1.4-1.6
ADUNGY 1.6-1.8
q9 1.8-2.0

gaun >2.0
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11. SLAUFUVDIATNINNITHIIIVDIAUVULOUA D

sxdu N ATIRTEL AL ST MR MY
(cm hr')

#1300 (very slow) <0.125

1 (slow) 0.125-0.50

#1hunang (moderately slow) 0.50-2.00

1hunang (moderate) 2.00-6.25

Fahunang (moderately rapid) 6.25-12.50

37 (rapid) 12.50-25.00

59310 (very rapid) >25.00
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104

Quantity SI unit Conversion equation
Electrical conductivity dSm’ 1 mS/em= dSm’
1 wem=0.001 dSm’'
Cation exchange capacity cmol (+) kg_1 1 meq/100g = cmol (+) kg_1
Anion exchange capacity cmol (-) kg_l 1 meq/100g = cmol (-) kg_l
Exchange cation cmol () kg 1 meq/100g = cmol (+) kg '
Mass ratio gkg' 1%=10gkg'
mg kg 1ppm=1mgkg
1 mg/100g = 10 mg kg "
ngkg' 1ppb=1pgke'
mg kg 1ppt=1ngkg
Mass concentration gL’ 1%=10gL"
mgL’ 1ppm=1mgL’
ngL’ 1ppb=1pgL’
Density Mgm” lg/em’ =1 Mgm”
Specific surface m kg 1 m’/g=1000m’ kg
Pressure kPa, Mpa 1 bar = 0.1 Mpa
Radioactivity Bq 1Ci=3.7x10"
Rate, Yield kgha' 1kg/10a=10kgha

Mg ha''

1t/10a =10 Mg ha '
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