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Sumritre Riyaphan 2010: Alleviation of Plough Pan Problem for Growing Cassava. Master of
Science (Soil Science), Major Field: Soil Science, Department of Soil Science. Thesis Advisor:

Miss Suphicha Thanachit, Ph.D. 122 pages.

A study on the effect of pan-breaking tillage and soil amendments on plough pan alleviation in a
Typic Paleusult where plough pan occurred between depths of 20-70 cm from soil surface was carried out in
Dan Khun Thod District, Nakhon Ratchasima Province using Cassava (Huay Bong 80 variety) as a major plant.
Split-plot in Randomized Complete Block design with four replications was employed. The main plot consisted
of subsoiling by using ripper (P1) and no subsoiling (P2) before normal land preparation (3 disc followed by 7
disc plow and contour ridging). Each main plot had four factors, no soil amendment (T1), amended with 200
kg/rai of gypsum (T2) and limestone dust (T3), and 1000 kg/rai of chicken manure (T4). Application of 100
kg/rai complete fertilizer (15-15-15) was split into 50 kg/rai and applied at two and four months of age. Yield

of cassava was harvested at 10 months after planting.

Subsoiling by using ripper gave significantly higher fresh tuber yield than did the other without using
ripper (2.92 compared to 2.58 ton/rai). Types of soil amendments showed no effect on tuber yield but
aboveground biomass. Chicken manuring significantly gave highest aboveground biomass of 5.92 ton/rai and
tended to give the highest fresh tuber yield (3.1 ton/rai) as compared to no soil amendment treatment, and
application of gypsum and limestone dust both with and without subsoiling. Subsoiling combined with chicken
manure addition tended to give the lowest starch percentage of 21.7. The concentration of macro-, micro- and
trace- plant nutrients in leaf was below critical level for normal growth with the exception of Mn concentration,
which was found to be reportedly toxic to the plant. However, using chicken manure as a soil amendment with
and without subsoiling gave the lowest Mn concentration in leaf, which generally coincided with the highest

fresh tuber yield.

Subsoiling and soil amendments had the effect on the change of physical and chemical properties of
soil within 30 cm depth except that of available phosphorus. Subsoiling or limestone dust application gave the
soil higher hydraulic conductivity and better water aggregate stability than did without subsoiling and other two
soil amendments. Chicken manuring had more effect on reducing soil acidity level and increasing plant

nutrients stored in soil than did gypsum, limestone dust and no soil amendment.

Student’s signature Thesis Advisor’s signature
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8. NITAATITHAU
8.1 MINATIZHANTANIIMEN TN

1) mﬁﬂszmﬂmmmmaumﬂﬁu (Soil particle size distribution) Tagd31enane
ana 4
AZUNII (sieving method) TuvIABIMIANT 18tz Tae3T1/Ad (pipette method) (Kilmer and
Alexander, 1949; Day, 1965) 1umummgmﬂmwm’]mazamgmﬂﬁumﬁm wahn ldanng
a d o Ay a . = = v 09: di’ a
UATIEHHIN N TLNNVBUNBAY (soil textural class) lagmslseuneunuFuionn
4 [ a
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1993)
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] Aa a I o 1 Aa 1 1
2) ANUUUIHUTINVOIAY (Bulk density) Iaeds l¥nszuamnudiogsani 1y

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

Y '] 2
3) @ niinivesAunaudidle1i1 (Saturated hydraulic  conductivity) Tnelds

WA UTUIRULAIS (variable head method) (Klute, 1965)
4) ANULAIUBIAY (Soil strength) TaelHinToananeUATA (Norfleep ef al, 1996)

I a { 3’
5) fovazuouilaAuanosiil (Wet aggregate stability) U9I0YNIAYUIA 1-2

Haawns 1aedd wet sieving (Kemper and Rosenau, 1986)
a 4 Y =
8.2 MIWUATIZUTULUANINAY

a 4 ) 4 Y a Y o 1 a
1) Texau (Soil pH) lnalHnTeiieiafitosan (pH meter) Iaaldonsiaiuau

Ao11 LazAUARE1TaZa18 1M KCI 110U 1:1 (National Soil Survey Center, 1996)
2) ﬂ?mmm{ uauﬁum’%‘f‘f (Organic carbon) 1ae73 Walkley and Black tritration
(Walkley and Black, 1934; Walkley, 1935; Nelson and Sommers, 1996) T lduam
Usnaudunioingludu (organic matter) Tagldgasail
Organic matter (%) = %Organic carbon x 1.724

3) UsunaluTaswusy (Total nitrogen) 1ae7% Kjeldahl method (Jackson, 1965)

4) Ysuanlearesaniluilse Toni (Available phosphorus) 1ae75 Bray II (Bray

and Kurzt, 1945) u,é";*?@ﬂ?mmﬂaﬁﬂa%”ﬁﬁaam?m spectrophotometer

5) Usa TnunendouniugszTomi (Available potassium) Iag3smsanadie
158218 IM NH,0Ac Milunas (pH 7) (Pratt, 1987) ndriadSina TnunaiFoudlomnios

atomic absorption spectrophotometer
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6) ANINNTA nanala (Extractable acidity) 1a8&77F barium chloride-triethanolamine

1 pH 8.2 (Thomas, 1982)

7y USunanuasunana la (Extractable bases) U52noUa8 Laaden tunilime
=} =1 as v Y A d
Taaew wag Tnunmdey Tagisnisanadigaisazais IM - NH,0Ac Nilunan (pH 7)

(Thomas, 1982) warialsunanuadiensod atomic absorption spectrophotometer

8) anwuuanidsunnalooou (Cation exchange capacity: CEC) 1agn1sve
v A g ~ ~
azaouna lopoualedITazaty IM NH,0Ac idlunas (pH 7) tazunuiuey Tuiioy lovou
Y A s ] A g M) ~
dremsazare Im@suaas lsannuduty 10% luaammindlunia nauriuen Tuiley loosu
udrdunamisianuguanitlasuina loeouuesdu (Chapman, 1965; Summer and Miller,

1996)
@ 9 A o . o 1
9) PNTITDYASANNBUA VW (base saturation percentage: %BS) ANUIUIINAIVUDI
a { o 9 2}’ 1 { o 4 . .
suanuasiunada lanarua uazamran1nnsanana I (Thomas, 1982; National Soil Survey

Center, 1996) 91NYAT

Base saturation percentage = Extractable bases x 100

Extractable bases + Extractable acidity

A
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a =

) A Y ~ 3 1Y) o 1 9
u'lﬁl‘]JWG]ﬂJ']aUllﬁQﬂqmﬂﬂiJ 60 prrased 1Wunadseui 3 T AUAIBEINLTY

Ll
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% ]

aiin valufiei1d1fazidoa miuh T innefludealfidams dszneudae

9
D Usnalulasuinaius Taemsgosdiod1eaisaie H,SO,-Na,SO,-Se (digestion

mixture) 833015 2v09 11 TnT19UA81AT 0 Nitrogen distillate

2) dsmaleavesaniua Tasnsdesdind1aais H,S0,-Na,SO,-Se (digestion

mixture) a33A1Savesrleanesad81AT04 spectrophotometer
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4
3) YsmalnunaFounvua Taon360e@10619920 H,S0,-Na,SO,-Se (digestion

mixture) uarialsuavess 9 TnumnaiFeudein3 09 Atomic Absorption Spectrophotometer

a I a A <3 o = = i
4) Psmawnadey uuniidey man danzd uuemiia uaz nouas Taensdos
A19819NAI HNO,-HCIO, (acid mixture) 11423AUTNI1WUAIIATOI Atomic Absorption

Spectrophotometer
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a o qul a 4 aa
Ansizideyanarun Iaens 1ns1zinuns159un19ada (analysis of variance)
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. Soil color Soil structure Consistency Root
[ T A | ‘a .
i Pedon1 '+ . o S Dry, moist, wet

4 5YR4/6 1-2,f-m SAB SH, Fri, NS/NP 3,vf-f

Plou g g e =d-igl 25YR4/8 2,m-c SAB H, SF, SS/SP 2,vf-f

2.5YR4/6 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 o a a v A 9 =
NINN 2 anvazvewaimmaasuaznigaauvesauanun ¥ lumsany
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Horizon
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1.5 HUIENSIUUNAY
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AINA 3 HAMIUATIEHAUDU (0-18/20) LAz AUE1 (18/20-60) NOUTIINITNATDI

Soil properties Topsoils Subsoils
pH 5.10 4.65
Organic matter (g kg ) 4.2 33
Total N (g kg) 0.28 0.39
Available P (mg kg ) 3.60 491
Available K (mg kg ) 25.4 24.8
Extractable Ca (cmol kg'l) 1.38 1.62
Extractable Mg (cmol kg ') 0.22 0.17
Extractable K (cmol kg_l) 0.26 0.25
Extractable Na (cmol kg_l) 0.46 0.38
Sum bases (cmol kg_l) 2.32 2.42
CEC (cmol_kg ) 3.6 43
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The different letters in graph are significantly different at P<0.05.
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The different letters in graph are significantly different at P<0.01.
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The different letters in graph are significantly different at P<0.01.
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The different letters in graph are significantly different at P<0.05.
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The different letters in graph are significantly different at P<0.05 for the case of soil amendment effect
and 0.01 for the interaction effect.
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The different letters in graph are significantly different at P<0.05.
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and 0.01 for the interaction effect.

M 28 waveams losziiaau (n) stavesiaalsulieau (v) uaz ms loszidaaiu

1 Y @ o a 1 a = A a
faufums 1Fiagusurlgeau () aersina Twunadeniiluilse Tomivesau



©
O
[ClRe)
o =
g5 :
g5 N
x T
i \ 0-10 cm
NNN i B 10-20 cm
P P2 O 20-30 cm
@ 30-40 cm
(n) B 40-50 cm
(V)
P1= Ripper
Ripper Ipp
67 P2= No ripper
L}
5 i o
8 _ 4
% E’ T1= No soil amendment
£o 3
g g T2= Gypsum
g 2 ﬁ 'y v ° T3= Limestone dust
1 ¢ 4 3 T4= Chi
= Chicken manure
0
T T2 T3 T4
B 0-10cm
A 10-20cm
6 _No ripper @ 20-30cm
. O 30-40 cm
5 -
A 40-50 cm
8 _ 4
32
&0 3+
g 27 . - .
11 g q 8 R
0
T T2 T3 T4
(M)

AT 29 waveams loszidanu (n) siavesiagliuilyean (v) naz msloszidaniu

Fawnums ¥ iaquSuliedau () asdSuanafouiana lavesau



75

m3 loszidaauiinun ulddsnaunadeuiana ldluauganiinms lud
m3 laszianu Taefilsnaunabonluauedluiide 1.26-2.43 uaz 1.07-1.40 15ud Tuase

nlansy a1y

m3ldfanusuiysauriama q dawalduSinauaadeuiiataldimed
Tuide 1.05-3.62  1vudluaden laniy waziinvua Tduaaasawanuan Taonslanudull
wun TdulilSinanaadouiiadaldqeiiqaismegluiide 125362 wuiTuadenlansy
sesaan laun msldyaln (1.05-3.58 iwud Tuasen Tansu) msldgidu (1.05-1.61 mudlua

aon lansy) wazms bilddaauSuilyeau (1.27-1.56 wud Tuaaen lansy) audwu

a 1

gnsnasauszninems losziiaauswnusiavesiaqliulgeauls
Usinameaifouiana lavesauiinegluids 1.01-5.52 isudTuaden Tan5y uaziiuua Ty
= 1A 1 1 [} [] =Y = 9 Y a = d'
aaasmuanuan Iaenmslanuduiuiums lilaszdaauiivur Ty ldlSnaunadenn

ana ldgaiga (1.06-5.64 1ud Tuadon lansy)
42.7 YsmauniiFounana 1d

HaMsAny1 w1 M3 lasziaaunazyiavesiadalsulseau linade

a 1

YsmauniiFennanaldluau uadninasinszrinms laszdaausmwnursiauedide

Ysvilgeau lufinaaedsuaunii@eunanald luau (nwi 30)

m3 lasziiaaudinaldlsunanuniidennana Idluaugandims bila

]
aad [ =2

sZIIAAIURI NN AYNINADANTEAUAINEN 30-40 15UANAT TAsUANNIND 0.94 1Ay

0.44 1¥UA TuaRen lansu MUAIAY I WREINUAUNTZAUANNANDY 9 73 loszidaaiull

wun TS unanunili@eunada ldaaniims li'loszudaauTaslaeg lunde 0.82-1.12

U G

1A 0.58-0.74 1¥UA 1uanon lansu Aua1a L



1.5 7
(=]
s a
o o 1.0
5=
& o
g éE’, 0.5 1
= 0-10 cm
B 10-20 cm
0.0
P1 p2 0O 20-30cm
@ 30-40 cm
(M) O 40-50 cm
2.0 1
S 154
[Pl
o=
S o 1.0 A
8§ b, by
X 0.5 | - e
0] oy
0.0 = >
T T2 T3 T4
(V)
_Ripper
20 a P1= Ripper
r P2= No ripper
o 1.5 A
= = L] °
o
% = o %
9 g 1.01 e T1= No soil amendment
LGS
5 £ n ] A T2= Gypsum
’ o T3= Limestone dust
T4= Chicken manure
0.0
T T2 T3 T4
No ri ® 0-10cm
_No ripper
2.0 A 10-20cm
A ® 20-30cm
g 197 O 30-40 cm
— [ ]
o 2 A 40-50 cm
8 3 1.0 °
b5 ] A
25 . )
g o
Y o054 e A
n al
0.0
™ T2 T3 T4
(M)
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I. Information on the site

Profile symbol
Classification

Date of examination
Described by

Location

Elevation
Map sheet number

95

Soil profile description

: Pedon 1

: Typic Paleustult

: April 10, 2009

. Irb Kheoruenromne, Somchai Anusontpornperm, Suphicha
Thanachit, Orapin Kliaklom, Sumritre Riyaphan, Pattra
Prasertsombut, Ruchanee Khumdet, Sirintra Trasarika

: Approximately 100 m East of Sikhiew-Dan Khunthod, Ban
Kudmuang, Tambon Takian, Amphoe Dan Khunthod,
Changwat Nakorn Ratchasima

: 245 m (MSL)

: Coordination : 47 793630%, 1676161"

Landform

1. Physiographic position * Residual plain (Corrosion plain)
2. Surrounding land form * Undulating

3. Slope on which profile site 1 3% Aspect : 300 Azi

Land use

Annual rainfall
Mean temperature
Climate

Others

: Cassava field

. Approximately 1,200 mm/Y
: Approximately 27 ° C

: Tropical savanna

: Agricultural and settlement

I1. General information on the soil

Parent material
Drainage

Permeability

Runoff

Depth of ground water

I11. Profile description

Horizon  Depth (cm)

Ap 0-20
Btl 20-41
Bt2 41-69

: Residuum derived from weathered red sandstone
: Well-drained

: Moderate
: Moderate
: Deeper than 2 m at time of sampling

Description

Yellowish red (5YR 4/6); loamy sand; moderate weak fine and
medium subangular blocky structure; slightly hard dry, friable moist,
non sticky and non plastic; few very fine, common fine vesicular
pores; many very fine and fine roots; few variegated sands; very
strongly acid (field pH 5.0); clear, smooth boundary to Bt1.

Red (2.5YR 4/8); sandy loam; moderately medium and coarse
subangular blocky structure; hard dry, slightly friable moist, non
sticky and slightly plastic; few clay bridges among sand grains; few
very fine, fine vesicular pores; common very fine and fine roots; few
variegated sands; very strongly acid (field pH 4.5); gradual, smooth
boundary to Bt2.

Red (2.5YR 4/6); sandy loam; moderately fine and medium
subangular blocky structure; hard dry, slightly friable moist, slightly
sticky and moderately plastic; few faint clay coats on ped faces and
clay bridges among sand grains; very few very fine, common fine
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vesicular pores; common very fine and fine roots; few variegated
sands; very strongly acid (field pH 4.0); clear, smooth boundary to
Bt3.

Red (2.5YR 4/6); sandy clay loam; moderately fine and medium
subangular blocky structure; hard dry, slightly friable moist, slightly
sticky and moderately plastic; few faint clay coats on pore walls and
few clay bridges among sand grains; few very fine, common fine
vesicular and few fine tubular pores; few very fine and fine roots; few
variegated sands; very strongly acid (field pH 4.0); clear, smooth
boundary to Bt4.

Red (2.5YR 4/6); sandy clay loam; moderately fine and medium
subangular blocky structure; slightly hard dry, slightly friable moist,
slightly sticky and moderately plastic; very few faint clay coats on
pore walls and few clay bridges among sand grains; common very
fine and fine vesicular and very few fine simple tubular pores; few
very fine and fine roots; few variegated sands; very strongly acid
(field pH 4.0); gradual, smooth boundary to Bt5.

Red (2.5YR 4/6); sandy clay loam; moderately fine and medium
subangular blocky structure; slightly hard dry, slightly friable moist,
slightly sticky and moderately plastic; very few faint clay coats on
pore walls and few clay bridges among sand grains; common very
fine and fine vesicular and very few fine simple tubular pores; very
few very fine and fine roots; few variegated sands, some patchy areas
of strong clay balls and distinct clay coats; very strongly acid (field
pH 4.4); clear, smooth boundary to Bt6.

Red (2.5YR 4/6); sandy clay loam; moderately fine and medium
subangular blocky structure; slightly hard dry, slightly friable moist,
slightly sticky and moderately plastic; very few faint clay coats on
pore walls and few clay bridges among sand grains; common very
fine and fine vesicular and very few fine simple tubular pores;
practically no roots; few variegated sands, some patchy areas of
strong clay balls and distinct clay coats; very strongly acid (field pH
4.3); gradual, smooth boundary to Bt7.

Red (2.5YR 4/6); sandy clay loam; moderately fine and medium
subangular blocky structure; slightly hard dry, slightly friable moist,
slightly sticky and moderately plastic; very few faint clay coats on
pore walls and few clay bridges among sand grains; common very
fine and fine vesicular and very few fine simple tubular pores;
practically no roots; few variegated sands; very strongly acid (field
pH 4.2).
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Properties Gypsum Limestone dust ~ Chicken manure
pH nd nd 7
EC (dS/m) nd nd 15
OM (%) nd nd 40.60
CEC (cmol/kg) nd nd 65.08
Total N (%) nd nd 4.69
Total P (%) nd nd 0.76
Total K (%) nd nd 1.76
Total Ca (%) 25.3 35.9 2.62
Total Mg (%) nd 2.64 0.32
Total Na (%) nd nd 1.14
Total S (%) 18.0 nd nd
Total Fe (mg/kg) nd nd 250
Total Zn (mg/kg) nd nd 470
Total Cu (mg/kg) nd nd 4.0
Total Mn (mg/kg) nd nd 470

HUYLHA nd = not determined
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Depth  Horizon Particle size distribution  Textural class Bulk Hydraulic
density conductivity

sand silt clay

(cm) ( -9/kg ) (Mg/m®)  (cm/h)

0-20 Apl 736 113 150 Sandy loam 1.68 1.54

20-41 Btl 678 131 191  Sandy loam 1.80 0.24

41-69 Bt2 662 137 199  Sandy loam 1.70 0.34

69-95 Bt3 651 115 233  Sandy clay loam  1.57 1.54
95-120 Bt4 647 136 217  Sandy clay loam  1.57 2.26
120-142  Bt5 680 124 196  Sandy loam 1.60 2.37
142-171  Bt6 699 89 212  Sandy clay loam  1.61 1.54

171-200  Bt7 658 112 229  Sandy clay loam  1.61 1.19
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Depth Horizon pH 1:1 oM Total Available Extractable bases Sum Extr. CEC BS
H,O KCI N P K Ca Mg K Na  base acidity bysum NH,OAc

(cm) (------glkg---)  (----mglkg--—-)  ( cmolc/kg ) (%)
0-20 Ap 5.0 3.8 4.29 0.28 104 70.6 0.64 0.23 0.18 0.24 1.29 6.0 7.3 24 17.7
20-41 Btl 4.2 34 3.26 0.07 25 90.8 0.46 0.12 0.23 0.32 1.13 9.0 10.1 3.4 11.2
41-69 Bt2 4.0 3.3 2.57 0.21 25 21.1 050 0.13 0.05 0.15 0.84 7.0 7.8 3.3 10.7
69-95 Bt3 4.0 33 275 014 25 178 040 011 005 0.36 0.94 10.0 10.9 34 8.6
95-120 Bt4 4.0 3.2 257 021 25 16.7 040 0.09 0.04 013 0.65 9.0 9.6 31 6.8
120-142 Bt5 4.4 3.2 189 011 1.8 143 025 0.08 0.04 010 0.47 9.0 9.5 31 5.0
142-171 Bt6 43 3.2 1.54 0.14 14 155 042 0.08 0.04 0.11 0.66 9.0 9.6 3.0 6.9
171-200" Bt7 4.2 3.2 0.86 0.21 14 179 021 0.26 0.05 0.11 0.64 6.0 6.6 2.6 9.7

66
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Tuber Rhizome Stem Leaf and Above ground  Starch
Treatment  Weight weight weight  branch weight  biomass weight
(t/rai) (-m--mmmmmmm e kg/rai ------------------ ) (t/rai) (%)
P1 2.92a 452 920 380 4.67 a 24.7
P2 2.58b 429 782 292 4.09b 25.9
F-test * ns ns ns e ns
T1 2.57 429 b 678 b 157 b 3.83Db 26.3
T2 2.66 379b 709 b 143 b 3.90b 25.3
T3 2.67 383b 663 b 149 b 3.87b 25.7
T4 3.10 570 a 1,355 a 894 a 592a 24.1
F-test ns e hial ‘B ** ns
P1T1 2.74 444 713 165 4.06 26.6a
P1T2 3.02 393 786 159 4.35 26.1a
P1T3 2.76 394 706 159 4.01 24.5a
P1T4 3.17 578 1,478 1,036 6.26 21.7b
P2T1 2.39 415 645 148 3.60 26.0a
P2T2 2.31 367 632 128 3.44 246a
P2T3 2.59 373 621 140 3.73 26.8a
P2T4 3.03 563 1,234 751 5.58 26.4a
F-test ns ns ns ns ns **
LML) *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each

other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Treatment Stem Tuber Survivor rate
(=mmmmmmmmemmmmeees number/plant ) (%)
P1 2,651 12 89.1a
P2 2,407 13 82.8b
F-test ns ns -
Tl 2,528 12 87.8
T2 2,355 13 88.8
T3 2,552 12 85.3
T4 2,682 12 82.0
F-test ns ns ns
P1T1 2,665 12 89.8
P1T2 2,521 12 92.8
P1T3 2,702 12 90.3
P1T4 2,717 12 83.5
P2T1 2,391 12 85.8
P2T2 2,189 13 84.8
P2T3 2,402 13 80.3
P2T4 2,647 12 80.5
F-test ns ns ns
LML) *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Concentration in leaf (%)

Treatment
Nitrogen Phosphorus Potassium
P1 2.08 0.02 0.46
P2 2.45 0.03 0.52
F-test ns ns ns
T1 1.94 0.03 0.48
T2 2.65 0.03 0.56
T3 2.25 0.02 0.41
T4 2.23 0.02 0.52
F-test ns ns ns
P1T1 1.73 0.02 0.38
P1T2 2.43 0.03 0.53
P1T3 1.88 0.02 0.38
P1T4 2.30 0.03 0.54
P2T1 2.15 0.03 0.58
P2T2 2.88 0.03 0.58
P2T3 2.63 0.02 0.44
P2T4 2.15 0.02 0.50
F-test ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Concentration in leaf (%)

Treatment
Calcium Magnesium
P1 0.24 0.18
P2 0.30 0.21
F-test ns ns
T1 0.27 0.20
T2 0.31 0.22
T3 0.26 0.18
T4 0.24 0.18
F-test ns ns
P1T1 0.21 0.17
P1T2 0.29 0.20
P1T3 0.22 0.17
P1T4 0.26 0.18
P2T1 0.325 0.23
P2T2 0.328 0.24
P2T3 0.30 0.19
P2T4 0.23 0.18
F-test ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Concentration in leaf (mg/kg)

Treatment
Iron Zinc Copper Manganese
P1 85.0 43.0 35.0 715
P2 88.0 24.0 6.0 786
F-test ns ns ns ns
T1 82.0 37.8 26.1 780 a
T2 83.0 43.3 34.4 857 a
T3 90.6 21.1 4.4 760 a
T4 91.0 30.7 154 604 b
F-test ns ns ns **
P1T1 85.3 53.8 47.0 751 ab
P1T2 78.3 61.3 61.8 808 a
P1T3 91.3 18.5 4.0 647 bc
P1T4 85.5 37.7 25.3 653 bc
P2T1 78.8 21.8 5.3 809 a
P2T2 87.8 25.3 7.0 906 a
P2T3 90.0 23.8 4.8 872 a
P2T4 96.5 23.7 5.5 554 ¢
F-test ns ns ns *
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each

other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Bulk density (Mg/m®)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 1.49 1.55 1.65 1.77 1.69
P2 1.50 1.59 1.68 1.72 1.72
F-test ns ns ns ns ns
T1 151 1.58 1.66 1.69 1.68
T2 1.50 1.59 1.71 1.76 1.69
T3 1.50 1.54 1.60 1.76 1.72
T4 1.47 1.57 1.70 1.78 1.75
F-test ns ns ns ns ns
P1T1 1.53 1.59 1.65 1.77 1.71
P1T2 1.47 1.49 1.68 1.74 1.60
P1T3 151 1.58 1.57 1.76 1.72
P1T4 1.44 1.55 1.73 1.84 1.74
P2T1 1.49 1.58 1.68 1.62 1.65
P2T2 1.53 1.69 1.75 1.78 1.77
P2T3 1.49 1.50 1.63 1.76 1.71
P2T4 1.50 1.58 1.68 1.73 1.76
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Hydraulic conductivity (cm/h)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 18 18 25 29a 25
P2 15 22 18 16 b 17
F-test ns ns ns * ns
T 14 29 15b 33 23
T2 17 18 16 b 18 18
T3 16 12 37a 21 23
T4 19 19 18 b 19 21
F-test ns ns * ns ns
PiT1 17 ab 18 16 48 26
P1T2 22a 18 19 25 18
P1T3 16 ab 15 46 27 31
P1T4 15 ab 22 18 16 27
P2T1 10D 41 14 17 21
P2T2 12 b 18 13 11 19
P2T3 16 ab 10 28 15 15
P2T4 23a 17 18 22 14
F-test * ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Soil strength (kg/cm?)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 1.43 1.14 3.26 3.55 211
P2 0.85 1.31 2.49 2.52 1.60
F-test ns ns ns ns ns
T1 1.22 1.61 2.21 3.08 1.89
T2 1.03 1.50 3.00 2.25 1.42
T3 1.61 0.88 3.45 3.04 1.52
T4 0.70 0.92 2.84 3.78 2.58
F-test ns ns ns ns ns
P1T1 1.23 0.86 2.69 4.13 2.27
P1T2 1.22 1.68 3.29 2.45 1.65
P1T3 242 1.29 3.68 3.66 1.86
P1T4 0.84 0.73 3.37 3.96 2.64
P2T1 1.21 2.35 1.72 2.04 1.50
P2T2 0.84 1.33 2.71 2.04 1.19
P2T3 0.80 0.47 3.21 2.42 1.18
P2T4 0.55 1.10 231 3.60 2.52
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Stability water aggregate (%)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 38.9 46.9 46.8 48.6 a 53.4
P2 40.7 44.7 43.7 416D 47.6
F-test ns ns ns 4 ns
T1 40.7 43.5 44.5 42.0 53.4
T2 38.0 43.5 45.9 45.6 51.2
T3 38.9 45.9 43.7 449 50.0
T4 41.6 50.2 46.9 48.1 47.3
F-test ns ns ns ns ns
P1T1 41.8 46.0 46.6 48.9 60.0
P1T2 38.9 42.2 47.0 44.9 49.1
P1T3 33.9 49.8 46.2 494 55.4
P1T4 41.0 49.7 47.4 51.2 49.2
P2T1 39.6 41.1 42.5 35.0 46.9
P2T2 37.0 44.8 44.8 46.3 53.3
P2T3 43.9 42.0 41.2 40.4 447
P2T4 42.1 50.8 46.5 44.9 45.5
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Treatment P
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 5.3 5.6 5.5 4.9 4.7
P2 54 5.4 5.2 4.8 4.6
F-test ns ns ns ns ns
T1 4.8b 5.2 5.2 4.9 4.7
T2 53ab 5.3 52 4.8 4.6
T3 53ab 5.6 5.3 4.8 4.7
T4 58a 5.9 5.6 5.0 4.7
F-test * ns ns ns ns
P1T1 4.8 55 55 5.1 4.7
P1T2 5.4 5.3 54 5.0 4.7
P1T3 52 5.6 54 4.8 4.7
P1T4 5.9 5.9 5.5 4.9 4.6
P2T1 4.9 4.9 4.9 4.7 4.6
P2T2 5.3 5.3 5.0 4.7 4.6
P2T3 55 5.6 5.2 4.8 4.6
P2T4 5.8 5.9 5.6 5.1 4.8
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Organic matter (g/kg)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 5.33 4.94 491 4.43 3.95
P2 5.32 5.16 4.61 4.47 4.07
F-test ns ns ns ns ns
T1 5.04 431 4.73 4.25 3.93
T2 5.47 4.78 4.75 4.75 4.08
T3 5.60 5.21 4.66 4.57 4.02
T4 5.18 5.89 4.90 4.22 4.03
F-test ns ns ns ns ns
P1T1 5.06 4.12 4.90 4.32 3.75
P1T2 5.56 4.72 4.64 5.33 4.08
P1T3 5.59 5.15 5.12 4.39 3.96
P1T4 5.10 5.75 4.98 3.67 4.03
P2T1 5.02 4.51 4.55 4.19 4.10
P2T2 5.38 4.83 4.87 4.18 4.08
P2T3 5.61 5.28 4.21 4.75 4.07
P2T4 5.27 6.02 4.81 4.77 4.04
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Total nitrogen (g/kg)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 0.37 0.39 0.41 0.38 0.37
P2 0.37 0.38 0.37 0.39 0.34
F-test ns ns ns ns ns
T1 0.37 0.41 0.34 0.42 0.39
T2 0.37 0.37 0.43 0.33 0.34
T3 0.34 0.37 0.40 0.35 0.33
T4 0.39 0.40 0.40 0.44 0.36
F-test ns ns ns ns ns
P1T1 0.37 0.38 0.35 0.37 0.45
P1T2 0.37 0.40 0.45 0.32 0.39
P1T3 0.32 0.39 0.46 0.41 0.32
P1T4 0.43 0.41 0.38 0.43 0.33
P2T1 0.38 0.44 0.34 0.47 0.34
P2T2 0.37 0.34 0.41 0.35 0.30
P2T3 0.36 0.34 0.34 0.29 0.34
P2T4 0.36 0.39 0.41 0.45 0.39
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Available phosphorus (mg/kg)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 25.75a 10.81 7.68 4.26 3.04
P2 10.89 b 13.09 6.80 3.25 3.42
F-test a ns ns ns ns
T1 9.10b 6.65b 5.77b 2.97 2.71
T2 9.95b 10.10 b 559 Db 4.73 2.90
T3 8.64Db 6.33b 541b 3.24 3.10
T4 45.58 a 2473 a 12.20 a 4.08 4.22
F-test > * % ns ns
P1T1 8.92cd 9.33b 7.24 3.26 Db 3.64 ab
P1T2 15.86 cd 15.92 b 6.97 7.06 a 3.64 ab
P1T3 7.81 bc 496 Db 3.79 221b 2.02b
P1T4 70.40 a 13.04b 12.70 451 ab 2.88 ab
P2T1 9.27cd 3.96 b 4.29 2.69b 1.78b
P2T2 4.04d 4.28b 4.20 2.39b 2.15b
P2T3 9.47cd 7.71b 7.03 4.27 ab 4.19 ab
P2T4 20.76 b 36.41 a 11.70 3.64Db 5.56 a
F-test * * ns * "
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Available potassium (mg/kg)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 112 a 80a 65 a 47 52
P2 72b 52Db 47 Db 45 51
F-test a ** e ns ns
T1 70b 50 b 47 b 46 52
T2 78 b 60 b 50Db 43 48
T3 60 b 47b 45b 42 47
T4 158 a 106 a 8la 54 60
F-test > e e ns ns
P1T1 66 51b 52 b 47 56
P1T2 104 79b 50 b 46 56
P1T3 74 47 b 51D 48 39
P1T4 205 142 a 106 a 49 58
P2T1 75 48 Db 43 b 45 48
P2T2 53 42b 49 b 41 40
P2T3 47 47D 38b 36 54
P2T4 111 71Db 56 b 59 62
F-test ns * e ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Extractable calcium (cmol/kg)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 243 1.52 1.45 2.25 1.26
P2 1.40 2.33 1.27 1.07 1.23
F-test ns ns ns ns ns
T1 1.27 1.30 1.27 1.38 1.56
T2 1.05 1.61 1.52 1.16 1.06
T3 1.76 3.62 1.25 2.75 1.31
T4 3.58 1.16 1.40 1.35 1.05
F-test ns ns ns ns ns
P1T1 1.47 1.58 1.26 1.67 1.73
P1T2 1.17 1.72 1.55 1.36 1.26
P1T3 1.57 1.60 1.44 4.63 1.03
P1T4 5.52 1.18 1.54 1.36 1.01
P2T1 1.07 1.02 1.27 1.10 1.39
P2T2 0.93 1.50 1.50 0.97 0.85
P2T3 1.95 5.64 1.06 0.86 1.59
P2T4 1.65 1.14 1.25 1.34 1.09
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Extractable magnesium (cmol/kg)

Treatment
0-10cm 10-20 cm 20-30 cm 30-40 cm 40-50 cm
P1 1.12 1.00 1.09 0.94 a 0.82
P2 0.72 0.83 0.63 0.44 Db 0.59
F-test ns ns ns fy ns
T1 0.47b 0.48b 0.65 0.64 0.45
T2 0.60b 0.58Db 0.93 0.96 0.79
T3 1.02 ab 0.87b 0.68 0.67 0.79
T4 1.59a 171a 1.17 0.50 0.79
F-test > * ns ns ns
P1T1 0.67 0.65 1.02 1.01 0.66
P1T2 0.65 0.60 0.96 1.34 0.98
P1T3 1.33 1.01 1.06 1.08 1.00
P1T4 1.85 1.72 1.31 0.34 0.63
P2T1 0.28 0.30 0.28 0.26 0.24
P2T2 0.55 0.57 0.90 0.59 0.60
P2T3 0.71 0.73 0.30 0.26 0.58
P2T4 1.34 1.71 1.04 0.67 0.96
F-test ns ns ns ns ns
NN *, ** significant at 0.05 and 0.01 probability levels, respectively.

Means with the different letters in colum are significantly different to each
other according to Duncan’s Multiple Range Test (DMRT)

ns: non significant

P1: Ripper; P2: No ripper

T1: No soil amendment; T2: Gypsum; T3: Limestone dust; T4: Chicken manure
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Concentration range (%)

Adequate  High

Toxic

Growth
Nutrient Stage
(months)
N (%) 3-6
P (%) 3-6
K (%) 3-6
Ca (%) 3-6
Mg (%) 3-6
Fe
3-6
(mg/kg)
Zn
3-6
(mg/kg)
Cu
3-6
(mg/kg)
Mn 3-6

(mg/kg)

5.1-5.8 >5.8

0.36-0.50 >0.50

1.3-2.0 >20

0.75-0.85 >0.85

0.36-0.39 3

120-140 140-200

30-60  60-120

6-10 10-15

50-120 120-150

> 200

> 120

>15

> 250
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Total Rainy day Temperature Relative

Month Rainfall ) Humidity
(mm) (day) Maximum Minimum Mean (%)
January 0 0 33.6 12 22.3 64
February 8.8 1 38.5 18.3 28.1 61
March 123.6 10 37.8 18.8 28.3 70
April 126.9 9 38.4 21.6 29.4 74
May 248.8 14 37 23.1 28.5 79
June 66.5 13 36.6 23.6 29 72
July 1345 10 35.7 233 28.7 72
August 185 16 36.7 22.8 28.7 76
September 208.2 18 35.7 23.5 21.7 83
October 107.4 7 33.7 22 271.7 81
November 1.2 4 35.5 15.4 25.7 70
December 1.6 1 34.6 17.3 25.3 66
Total 12125 103 - - 27.5 72.3

N1 NIURAIENING (2552)
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(NBIF1TIVAU, 2523)

oM Avail. P Avail. K CEC BS
Soil fertility rating
(g/kg) (mg/kg) (mg/kg)  (cmol/kg) (%)
Low <15 <10 <60 <10 <35
M) €h) @) @) 1)
Medium 15-35 10-20 60-90 10-20 35-75
) ) ) ) (2)
High > 35 >20 >90 > 20 > 75
3) ®3) ®3) ®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

A1SNHUING 24 Fodrnaae q AlFlumsdsziuszauautianiemen nvesau (W,

2529; O'Neal, 1952)

Soil properties Range Rating
Bulk density (Mg/m) <12 Very low
1.2-14 Low
1.4-1.6 Moderate
1.6-1.8 Moderately high
1.8-2.0 High
>2.0 Very high
Saturated hydraulic <0.125 Very slow
conductivity (cm/h) 0.125-0.50 Slow
0.50-2.00 Moderately slow
2.00-6.25 Moderate
6.25-12.50 Moderately rapid
12.50-25.00 Rapid

> 25.00 Very rapid
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(L’S‘U, 2542n; Land Classification Division and FAO Project Staff, 1973; Soil

Survey Division Staff, 1993)

Soil properties Range Rating
Soil pH (1:1 Soil: H,0) <35 Ultra acid
3.5-4.4 Extremely acid
4.5-5.0 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 alkaline
8.5-9.0 Strongly alkaline
>9.0 Very strongly alkaline
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 Il <3 Very low
(mg/kg) 3-6 Low
6-10 Moderately low
10-15 Moderately
15-25 Moderate high
25-45 High
> 45 Very high
Available K by NH,OACc <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 <0.3 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 <0.1 Very low
0.1-0.3 Low
0.3-0.7 Moderately
0.7-2.0 High
>2.0 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 NH,OAC <3 Very low
(cmol/kg) 3-5 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
Extractable acidity <1 Very low
(cmol/kg) 1-2 Low
2-5 Moderate
5-10 Moderately high
10-20 High
>20-30 Very high
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