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Alleviating the Problem of Upland Saline Sodic Soil with Fragipan
for Growing Cassava
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ABSTRACT: The effects of tillage using a ripper plough to the depth of 40 cm and conventional land preparation
combined with the application of soil conditioners—gypsum and limestone at the rate of 200 kg/rai, cow manure
at the rate of 1000 kg/rai, and mycorrhiza at the rate of 2 g/plant—on the changes to soil properties and yields of
cassava, var. Huay Bong 80 grown on an upland saline sodic soil (Fragic Natrustalf) with an occurrence of fragipan
was conducted. The use of the ripper tended to better enhance the growth of cassava, particularly in the second year,
in which fresh tuber yield was significantly higher compared with that of no rippering, with the respective yields of
2.5 and 2.1 t/rai in the first year, and 3.4 and 2.4 t/rai in the second year. The application of soil conditioners tended
to give higher cassava yield and above-ground biomass than those of no application. Although the addition of cow
manure and mycorrhiza tended to give lower fresh tuber yield in the first year; it, except for mycorrhiza that was not
applied, clearly tended to increase yields from 1.9 to 3.1 and 1.6 to 2.5 ton/rai, respectively. However, the application

1

NMPRTNEINEN AMZINEAT NNINENARINHAIAIART NFINN 10900
Department of Soil Science, Faculty of Agriculture, Kasetsart University, Bangkok, 10900
* Corresponding author email : agrspc@ku.ac.th



434

WNUNERAT 41 (4) : 433-444 (2556).

of cow manure and mycorrhiza tended to induce lower starch percentage than the use of gypsum and ground
limestone. The highest statistically significant fresh tuber and starch yields of 4.3 t/rai and 824 kg/rai, respectively,
were obtained when applying gypsum combined with deep tillage using the ripper. No rippering and no application
of soil conditioners gave the lowest fresh tuber weight of 1.7 t/rai. The use of the ripper and the application of soil
conditioners for two consecutive years tended to improve soil physical properties by reducing bulk density, increasing
available water capacity, and diminishing the problem of salinity and sodium, especially when gypsum was applied.
Moreover, the addition of cow manure helped retain more organic matter and plant nutrients in the soil than those

of other soil conditioners.
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Table 1 Properties of soil conditioners used in the experiment.

Property Gypsum Ground limestone Cow manure
pH (1:5 HZO) 7.5 8.9 7.35
EC (dS/m) (1:5 HZO) 2.76 0.07 3.33
OM (%) nd nd 5.13
Total N (%) nd nd 1.36
Total P (%) 2.2 3.7 0.51
Total K (%) nd 0.3 1.71
Total Ca (%) 43.5 48.02 1.76
Total Mg (%) 0.06 5.36 9.5
Total S (%) 398.5 0.9 nd
Total Fe (mg/kg) 0.2 0.41 0.45
Total Zn (mg/kg) 91 170 134.62
Total Cu (mg/kg) 1.34 217 40.63
Total Mn (mg/kg) 155 222 375.68

nd = not detectable

NANNSANHILAZIANTOL

AnmuzuATANTPAUFUNURUTINAaD
Fm‘ﬁ'ﬁﬁmiﬁﬂwﬁmmﬂumjmﬁuﬂ'@ﬂ Fragic
Natrustalf woluiufiflpaaanadiferas 5 TrRei
I SN H LM L PYE AR DR R PRI TLET)
ANANTIAANEFIRNANN TG AL 28 T,
epuuAuseuuns e luiuRuLuLa s Ausou
LhmeeReRusaumiionunaeludumuan wodu
ALl UAANNAN 60 T, AUTAINIU LY
sanet LAl 1.40-1.83 win./n’ uazduualiniia
FupuanaEn Tnsannylugauaestuniulng
ﬁﬁmﬂwmuuummpﬁq 1.83 1.n/%° asAAFDY

Particle size distribution (g/kg)

0 200 400 600 800 1000 0.0

Bulk density (Mg/m?)

ﬁu@mwmiﬁﬁﬁwmzﬁluﬁqﬁﬁm@ﬂlm:ﬁu%ﬁ
wnlaedeneyluiide 0.0001-1.74 @u./14.
(Figure 1) me'ﬂ?mm‘isnLﬁﬂmmﬁu‘ﬁ'ﬁm@qw
32iugq (Table 2) AvdenasiaiiiadlfRuuiuii
(Brady and Weil, 2008; Calvert et al., 1980;
Potichan, 1991) mmmnmmﬂ@ﬂwmsmwm
a‘fmmmmmm‘umuumﬂvmw UBNANNIET
siannsindeuRivaeainldAulaganisludag
qmu,m mmaluwwmmimw La¥aiANIg
m@@ummmmuﬂwmmmmu‘lum\’mwlumwuﬂ
ARt dAudana (Tongglum et al., 2000)

4 = s o doave o o v
geanaluamndiAny i lividudidendaiin

(7

Ksat (cm/h)

0.5 1.0 15 20 0 1 2 3

0 0
20 20
40 40
60 60

£
;_O’ 80 —&—Sand 80
Q. o
& 100 St 100
—A—Clay
120 120
140 140

160 160
180 180

200 200

Figure 1 Physical properties of Fragic Natrustalf

20
40
60
80

100

120

140

160

180

200



KHON KAEN AGR. J. 41 (4) : 433-444 (2013).

o al a | =< [=1

antin1andl Aulunsaguuseannnadunang

o A {4 »

(Table 2) AUTFANEAINNIIATNEATATBIANNT
PFunnsuvisednguazsinamnsag luseAuaINn
= @ 1 o @ @ £ =2 @ al
fanusnegluszaufnandesasuniningd
ANt i ansansoe lunde 3.4-14.2 13T
wWud/u. dnadaunisgeadulnnenuazienay
TmpannwaniasulduesmulaAgandi 13 uay 15
ANNANFU (Table 2) danalipulusdnailiilunn
vanlgdn wansldiiudinaendeguinly
a17azangAunn ling i lda1nau Arasamuin
Idnelnatanizlugaegguds (Clermont Dauphin
et al., 2010) uananuulnasunNagundeualy
Taseainenulaiudanss gniinaneliing Auausi
U Aasimnsaaulaua9sInig (Chhabra, 2005:
Karimpour, 2002; SOS Envionment, Inc., 2001)

Table 2 Chemical properties of Fragic Natrustalf

437

wazaradaasnlinggaldlananninawduie
(Hongnoi and Anuluxtipun, 1999) AedaNansINL
sanisastuiALinaiudnleuas

Na’uaams"lnﬁnLmz"i’aﬁ!ﬂ%'uﬂgqﬁum'a
matastAulnraIlud1lenas
= U a o v Q‘ a
nzloanaaesiefiuualduiinnanan
Wouddeuas Tneludl 2554 nsloanlvinanan
vasudendeanvindu 2.5 fu/ls degandn
nnglawsaudnd (2.1 dw/ls) warlud 2555
wuanslaandanalidunminiidudndsndan
| e o | = , WM = LA
winfiu 3.4 Fw/ls Gegandanasliloaneged
dpdAtynneada (2.4 Awls) Teldnaldlufianng
WenAUAUFatATNFATANLIN NANAMALTIN WAL
PYmingqunilasugin (Table 3)

Depth Hor. Soil pH oM Available Extractable  CEC BS ECe SAR  ESP
(1:1 HZO) P K Ca Na Mg
(cm) (g/kg) (—-glkg ) (- cmol/kg ------------ ) (%) (dS/m) (%)
0-28 Ap 4.3 198 28 547 08 0.1 03 42 7.8 8.8 0.7 1.8
28-38 Bw 4.4 10.9 1.8 231 03 0.5 02 28 52 4.8 1.1 7.0
38-60 Bt1 4.3 5.0 03 21 0.1 0.3 02 1.0 4.2 4.2 2.1 4.0
60-82 Bt2 4.9 3.1 03 207 041 0.4 01 45 3.7 34 3.1 6.0
82-105 Bt3 55 2.0 03 182 041 1.1 0.1 9.0 114 4.4 3.0 232
105-133  2Btx1 5.6 4.0 15 413 08 3.1 0.7 102 236 142 177 256
133-162  2Btx2 7.1 4.0 03 525 20 7.3 16 142 551 9.2 7.4  60.0
162-178  2Btx3 6.2 1.1 05 577 34 4.9 23 145 495 6.4 8.1 409
178-200  2Btx4 7.1 1.1 53 626 3.8 5.6 26 150 63.6 11.0 102 46.1

A9AARDITLIN9ANENTES Zheng et al. (1992)
P = , o g ve o Ao 2
Wasannnislodnazdaasinlddunundnuuuiu
Tilde wazdauge sanaarnunsngeulaaslun
219azin bAanau (Brady and Weil, 2008) a4
AALATUNITATYULALTA LATNITUNITRI8TU
Anlzuds nandan AR ANy

nslddaniussmulaiinaseiniiudnlzuds
anvivaastanin1amased Inalull 2554 nnslddan
sunleulaifinasanisivunan@siadudnlzuas
A o o o o aa > v a
Wamauduafuauanniuuatialiuanan
Wadudlzudeangeangainafiy 3.4 fu/ls
(Table 3) siannlull 2555 nslddaniiuilganu



438

P~ Y a a o o o = Y o
Fuunlduiiupananiugrlsuds degenndasiy
ANTANMITBG A999908 WATATUY (2555) AL
dudrdendsnlgnluualassaznavauessedan
dsuilgenunldetinedaauilaldsrafianiuscay
o vy e
A1 2 U ngAnEATeRnudnnisldalduluansn
200 nn./l5 Aaiiaaaestiiuudltiuldnananiagy
Antzudsangangawiniu 3.3 fw/ls sesasunme
nsldyale (3.0 siw/ls) nsldiuuun (2.9 siw/ls)
wazn1sldlumafleaiuua il iuananiaiu
Andzndsansnngawiniu 2.5 dw/ls (Table 3)

WNUNERAT 41 (4) : 433-444 (2556).

wanslifiuindduazanunumaednifoniided
1Nl uRY (Barbosa et al., 1989; Hanay et al.,
2004; Hussain et al., 2001; Zaka et al., 2003)
asdanalinaesoAulnuaznanandudnlenag
inay adnalafinnadanauid ldur yala uaz
Tupaflsmduualduldnananiodudidzuds
pandnmslalldfanuidsenulnaamz il 1 us
deldsailedlui 2 andulunsdivedluneslsn
flaifinnsld denaliinandniinduetnadaauann
1.91{lu 3.1 siy/ls

Table 3 Effect of tillage and soil conditioner on cassava characters grown on Fragic Natrustalf during 2011-2012.

Fresh weight of Starch
Leaf Above-ground
Trt/ Tuber Rhizome Stem Content Yield
and branch biomass
year 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
( t/rai ) (- % ----) (- kg/rai ---)

P1 25 34a 0.6 0.9 0.9 0.9 0.6 0.7 0.9 25 16.1 18.4 445 622a
P2 2.1 24b 06 09 0.8 0.8 0.6 0.7 0.8 2.3 15.2 18.5 317  459b
F-test ns * ns ns ns ns ns ns ns ns o
T1 3.4 2.8 0.7 0.8 1.1 0.7 0.7 0.7 1.1 2.2 19.0 18.8 672 535
T2 2.3 3.2 0.7 0.8 1.0 0.8 0.6 0.6 1.0 2.3 14.2 18.4 379 612
T3 2.2 2.9 0.6 0.9 0.9 0.9 0.6 0.7 0.9 24 16.1 19.2 369 557
T4 1.9 3.1 0.6 1.0 0.7 1.0 0.7 0.9 0.8 2.7 15.4 171 293 521
15 1.6 25 05 0.9 0.6 0.8 0.5 0.7 0.6 24 13.5 18.8 192 476
F-test ns ns_ . ns_ .. ns ns ns ns ns ns ns ns ns ns ns__
T1P1 42 40a 08 0.9 1.4 0.9b 0.8 0.8 1.4 2.5 18.8 18.6 822 761ab
T1P2 2.6 1.7¢ 05 0.8 0.7 0.5¢ 0.6 0.6 0.7 1.8 191 19.0 522 310c
T2P1 27 43a 07 0.9 1.1 0.9ab 0.7 0.7 1.1 2.6 14.2 194 496 824a
T2P2 1.9 22bc 0.7 0.7 0.8  0.7bc 0.6 0.6 0.8 2.0 14.2 17.4 263 401bc
T3P1 22 29 05 0.9 0.8  0.7bc 0.5 0.6 0.8 2.2 18.4 19.3 458  537b
T3P2 23 38.0ab 0.7 0.9 0.9 1.0a 0.6 0.8 0.9 2.7 13.7 191 280 577b
T4P1 15 33ab 05 1.0 0.6 1.0a 0.5 0.9 0.7 2.8 15.5 16.4 252  525b
T4P2 22 28b 07 0.9 0.8 0.9b 0.9 0.9 0.8 2.6 15.3 179 334  517b
T5P1 1.8 25bc 05 0.9 06  0.7bc 0.6 0.7 0.6 2.3 13.3 18.4 196 461bc
T5P2 13 25bc 05 1.0 0.5 0.9b 0.5 0.7 0.5 25 13.8 19.1 187 490bc
F-test ns * ns ns ns * ns ns ns ns ns ns ns *
% CV 68 28 33 55 49 25 47 30 48 18 33 9 90 28

ns = non significant, * = significant at 0.05 probability level, Means with the different letters in column are
significantly different to each other according to DMRT

P1 = Ripper, P2 = No ripper; T1 = No soil amendment, T2 = Gypsum, T3 = Ground limestone, T4 = Cow
manure, T5 = Mycorrhiza
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Table 4 Effect of tillage and soil conditioner on bulk density, available water capacity and organic matter

content of Fragic Natrustalf at 0-50 cm depth.

Bulk density Available water capacity Organic matter content
(Mg/m®) (%by Vol.) (g/kg)
Treat. Soil depth (cm)
0-10 20-30 40-50 0-10 20-30 40-50 0-10 20-30 40-50
P1 1.4 1.5 1.5 5.2 5.4 5.9 15.2 13.3 8.8
p2 1.4 1.5 15 5.6 6.8 6.2 14.5 131 7.6
F-test ns ns ns ns ns ns ns ns ns
T 1.43 1.52 1.53 5.1 5.1 5.8 13.6 12.2 7.5
T2 1.38 1.48 1.50 5.1 4.8 5.5 15.2 12.8 7.8
T3 1.43 1.50 1.52 5.6 8.6 6.7 14.7 12.3 6.8
T4 1.40 1.50 1.55 5.6 5.8 6.2 15.4 14.4 8.2
75 1.41 1.56 1.56 5.7 6.0 5.8 15.5 14.3 10.7
F-test ns ns ns ns ns ns ns ns ns
T1P1 1.34 1.50 1.49 4.8 5.0 5.1 14.7 13.2 6.5
T1P2 1.52 1.55 1.57 5.3 5.3 6.6 124 11.2 8.5
T2P1 1.38 1.49 1.49 4.8 4.1 5.0 15.3 14.6 9.8
T2P2 1.37 1.48 1.51 5.4 5.5 6.0 15 " 5.9
T3P1 1.45 1.49 1.53 5.1 6.1 6.7 14.3 10.6 6.5
T3P2 1.42 1.51 1.52 6.0 7.1 6.7 15.1 14 7.1
T4P1 1.39 1.47 1.57 5.5 5.8 6.4 16.2 134 9.7
T4P2 1.42 1.53 1.54 5.8 5.7 6.0 14.5 15.3 6.7
T5P1 1.40 1.58 1.68 6.0 5.9 6.0 15.4 14.8 1.7
T5P2 1.42 1.54 1.54 5.5 6.1 5.7 15.6 13.8 9.8
F-test ns ns ns ns ns ns ns ns ns
CV (%) 12 10 5 12 53 17 12 18 27

ns = non significant

P1 = Ripper, P2 = No ripper; T1 = No soil amendment, T2 = Gypsum, T3 = Ground limestone, T4 = Cow

manure, T5 = Mycorrhiza

duasuTATaF9AULEATL ANILIWLILTIN
20971AIAAAS (Brady and Weil, 2008) T9avdana
Wsnnawneasllufulsan dalinagenndaaiy
1 £ dydl Y @ 1 Laa] a
seNBAaUNTN IR wa A lERINN9 165 ol
AuATINAUNTIE YN deraliimanuLdaedsiu
- P o P \ = -
anad e Faumsuiunisldglduasnanen vise
n7lasziiimAuaNaLieNatinaLmeg (Bateman and
Chanasyk, 2001; Hamza and Anderson, 2003;
Ahmad et al., 2009; dunnad uaTANLY, 2553)
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salilaq (Brady and Weil, 2008) Wi
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Wit 0.19-2.38 (Table 5) nslagddusandu
nsladn ndufiuualtiildiAnsin i ausa
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naliganndasiunananiniudnizudanligegn
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= A 1 = a £ o ]
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Table 5 Effect of tillage and soil conditioner on chemical properties of Fragic Natrustalf at 0-50 cm depth.

Available P Available K pH ECe SAR
(mg/kg) (mg/kg) (1:1HO) (dS/m)
Treat Soil depth (cm)

0-10  20-30 40-50 0-10 20-30 40-50 0-10 20-30 40-50 0-10 20-30 40-50 0-10 20-30 40-50

P1 24.16b 12.82b 4.54 456b 259b 21 5.1 5.2 51 102 049 038 046 0.81 1.31
P2 36.01a 27.52a 3.73 588a 29.2a 13.9 5 5.2 51 101 038 029 055 1 1.86

F-test * * ns * * ns ns ns ns ns ns ns ns ns ns
T 33.47 17.03 471 454 22 1.1 541 53 51 072 044 033 0.84 093 234
T2 2798 1344 317 471 264 137 49 50 51 174 069 05 035 08 1.06
T3 20.36 2145 273 477 283 199 49 54 53 090 033 023 034 096 15
T4 4175 3877 488 699 373 179 52 51 49 086 037 033 046 0.69 1.55
T5 26.88 10.18 5.18 69.9 237 247 5.0 5.2 5.0 0.85 036 027 052 112 149

F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
TIP1 1944 1526 4.94 487 21 101 52 52 48 074 062 035 06 067 23
TIP2 475 1879 448 422 229 12 5.1 5.1 52 069 026 032 1.08 119 238
T2P1  26.79 1815 4.07 419 212 145 5 5 52 199 084 069 0.19 052 049
T2P2 2917  8.73 228 524 317 129 49 5 49 149 055 032 051 1.08 1.64
T3P1 23.58 5.92 2.07 343 219 211 4.8 5.3 5 0.73 029 022 041 1.04 147
T3P2 17.14  36.98 3.4 61.1 348 187 5 5.5 5.6 1.07 036 025 027 089 1.53
T4P1 2433 1544 406 617 355 238 52 51 4.9 09 034 036 054 072 0.89
T4P2  59.17  62.11 5.7 78 39 119 52 51 5 0.82 04 03 039 067 22
T5P1  26.66  9.34 758 415 298 352 5 54 52 072 039 029 055 108 142
T5P2  27.09 11.02 279 604 176 14.1 5 5.3 5 099 034 025 049 1.16 156

F-test ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

CV (%) 62 108 75 36 41 63 4 7 10 49 38 41 69 57 62

ns = non significant, * = significant at 0.05 probability level,

significantly different to each other according to DMRT

Means with the different letters in column are

P1 = Ripper, P2 = No ripper; T1 = No soil amendment, T2 = Gypsum, T3 = Ground limestone, T4 = Cow

manure, T5 = Mycorrhiza
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