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The impacts of tillage, soil conditioners, and chemical fertilizer on
yield of cassava in Yasothon Soil Series (Typic Paleustult),
relationship between nutrient concentration and cassava yield
components, and soil property
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ABSTRACT: A study was conducted in a farmer field at Ban Supplu Noi, Huay Bong subdistrict, Dan Khun Thot
district, Nakon Ratchasima. Cassava, Huay Bong 80 variety, was planted in Yasothon soil series classified as a Typic
Paleustult. Split-split plot in RCBD was employed with four replications. Main plot consisted of normal (N) and deep
tillage (D). Subplot contained 11 treatments, T1: no soil conditioner applied, and applying respective rates of 625 and
1,250 kg/ha of soil conditioners such as bentonite (T2 and T3), perlite (T4 and T5), gypsum (T6 and T7), dolomite
(T8 and T9), and ground limestone (T10 and T11). Sub-subplot was performed with two rates of 15-15-15 chemical
fertilizer; 312.5 (L) and 625 (H) kg/ha. Soil representing the experimental area was classified as a Typic Paleustult.
Cassava was harvested at 10-month of age. Different plant parts of cassava were sampled during the harvesting time
for the analysis of nutrient concentration. Results showed that deep tillage highly significantly promoted higher fresh
tuber yield (FTY) of 28.62 t/ha and starch yield (STY) of 7.77 t/ha than did normal tillage (25.61 and 6.93 t/ha, re-
spectively) but had no different effects on starch content (STC) and aboveground biomass (ABG). The application of
dolomite (T8) significantly gave the highest FTY, STY and ABG of 31.68, 8.65 and 10.97 t/ha, respectively. Cassava
did not respond to rates of chemical fertilizer differently. However, there were some interactions between tillage and
chemical fertilizer that affected cassava yield components. There were positive correlations between plant nutrient
concentrations, especially macronutrient in stem, with FT'Y and ABG. Both rates of dolomite (T8 and T9) and ground
limestone (T10 and T11) induced higher soil pH than did other soil conditioners and the control. Furthermore, the
application of some soil conditioners contributed higher available P, K and Mg contents remained in the soil after
growing cassava for one crop.
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Introduction

Cassava (Manihot esculenta Crantz.) is
considered one of the most important economic
crops in Thailand of which the country is the leading
cassava exporter of the world. Planting area of
cassava in Thailand in 2015 was around 1.49 million
ha. A major cassava planting area is in the north-
east, accounting for approximately 0.78 million ha.
However, the average yield of cassava in this region
is lower than in other regions (Office of Agricultural
Economics, 2016). Most cassava growing soils in
the northeast have sandy loam to coarser texture,
possessing low agricultural potential, low fertility,

weak structure, moderate to excessive drainage
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and high rate of leaching (Howeler, 1981; Ratana-
waraha et al., 1997; Anusontpornperm et al., 2009).
Plough pan is one of major problems in these cas-
sava growing soils in the region (Anusontpornperm
et al., 2005; Kliaklom et al., 2010; Meewassana et
al., 2010). Hamza and Anderson (2002) found that
deep ripping alone increased the infitration rate in
the first three years but the effect did not last into
the fourth year. There are some reports showing
that subsoiling by using ripper gave significantly
higher fresh tuber yield than did the other without
using ripper (18.25 compared to 16.13 t/ha) (Riya-
phan et al., 2010). Using ripper to breakdown
plough pan gave fresh tuber yield of 33.94 t/ha,
which was significantly higher than that of without
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rippering (28.94 t/ha) in the first year but the effect
was to no avail in the following year (Suksawat et
al., 2010). This indicated that the efficiency of ripper
lasted only one year and is of the case according
to the study of Kaewkamthong et al. (2014).

Uses of soil conditioners for improving the soils
in this region have been studied (Duangpatra,
1988). For instance, ground limestone and dolomite
that are rich in calcium can increase soil pH and
available phosphorus (Riyaphan et al., 2010;
Promma et al., 2012) and also improve soil structure,
especially in reducing compaction (Duangpatra,
2013). The addition of ground limestone, dolomite
and gypsum on a Yasothon soil increased fresh
tuber yield of cassava, number of tuber/plant, above
ground biomass, and starch content, particularly
more clearly in the second year (Promma et al.
2012). As results of using ripper to breakdown
plough pan that helped improve yield of cassava
only in the first year, this study was undertaken with
the aims at investigating the impact of tillage, soil
conditioners and chemical fertilizer on yield, and
correlations between nutrient concentration and
yield components of cassava grown on a Typic
Paleustult, which is a major cassava soils in the
northeast (Anusontpornperm et al., 2009) and to
examine soil properties as affected by these practices.

Materials and Methods

The experiment was carried out in a farmer field
at Ban Sapplu Noi, Huay Bong subdistrict, Dan
Khun Thot district, Nakon Ratchasima province
during November 2012 and October 2013. The
experimental site was undulating with 5% slope and
elevation of 380 m above MSL. The average an-
nual rainfall and temperature at the site were
1,306.0 mm/yr and 27.6 °C, respectively. The soil
was developed on local alluvium over residuum

derived from sedimentary rock mainly conglomer-
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ate and sandstone, having well-drained feature with
rapid permeability and runoff. This soil was classi-
flied as a Typic Paleustult (Yasothon soil series).
General soil properties are presented in Table 1.
Properties of soil before planting, obtained from the
analysis of composite sample collected from 0-30
cm from experimental plots, showed that the soil
was composed of very low amounts of N (0.21 g/
kg), available P (1.09 mg/kg), available K (28.5 mg/
kg) and extractable Ca, Mg and K (0.94, 0.25 and
0.07 Cmolc/kg, respectively) with very low cation
exchange capacity (0.21 cmolc/kg).

Split-split plot in randomized complete block
design were employed with four replications. The
main plot consisted of normal tillage (N) and deep
tillage (D) with the first plough using 3-disc plough
operated to depths of 25-30 and 45-50 cm,
respectively. Subplot contained 11 treatments; T1:
no application of soil conditioner, and all the rest
applying two respective rates of 625 and 1,250 kg/
ha of different soil conditioners such as bentonite
(T2 and T3), perlite (T4 and T5), gypsum (T6 and
T7), dolomite (T8 and T9), and ground limestone
(T10and T11). Sub-subplot comprised two rates of
15-15-15 chemical fertilizer, (312.5 (L) and 625 (H)
kg/ha). Cassava, Huay Bong 80 variety, was
planted on ridges with a spacing of 0.8 m between
plants and 1.2 m between rows and harvested at
10 months of age. Plant and soil samples were
taken at the time harvest for analyses of nutrient
concentration and soil properties, respectively. Site
characterization of the experimental area was car-
ried out according to standard field methods. Cas-
sava yield, measured plant components, and soil
properties were compared among treatments using
the analysis of variance for statistical significance,
and mean separation was done using SPSS
program and Duncan’s multiple range test (DMRT)
with differences being tested at 0.01 and 0.05

level of significance.
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Table 1 Physical and chemical properties of a Typic Paleustult (Yasothon soil series), representative soil of

the experimental area.

Depth  Hor. pH” OM? Extractable base” CEC" BS” BDY  Ksat” Texture®
11 Ca Mg K Na

(cm) HO (g/kg) C— CMol /kg---------- ) %) (Mg/im?) (cm/hr)
0-15/17 Ap 59 3.8 0.11 0.05 0.01 0.18 0.7 26.1 1.52 5.7 LS
15-30 Bt1 6.2 1.5 0.19 0.05 0.01 0.07 0.6 24.5 1.62 3.8 SL
30-65 Bt2 5.3 1.0 0.21 0.05 0.01 0.19 0.8 315 1.56 54 SL
65-90 Bt3 6.0 1.1 0.25 0.03 0.01 0.06 1.3 14.9 1.45 2.9 LS
90-117 Bt4 58 0.8 0.18 0.05 0.01 0.22 0.8 31.7 1.55 4.0 SL
117-142 Bt5 5.7 1.0 0.08 0.06 0.01 0.15 0.8 7.0 1.51 2.2 SL
142-168 Bt 5.8 1.2 0.03 0.08 0.01 0.19 1.1 13.6 1.45 4.6 SL
168-190 Btr 55 1.0 0.05 0.08 0.01 0.28 0.8 17.3 1.53 2.2 SL
190-210+ Bt8 5.2 1.3 0.07 0.08 0.01 0.21 0.9 15.7 1.50 1.0 SL

Hor. = horizon, OM = organic matter, CEC = cation exchange capacity, BS = base saturation, BD = bulk density,
Ksat = hydraulic conductivity, LS = loamy sand, SL = sandy loam
'pH (H,0), *Walkley and Black, *1M NH OAc at pH 7.0, “M NH OAc at pH 7.0, *IM NH OAc at pH 7.0, ®Core

method, "variable head method, °pipette method

Results and discussion

Effects of tillage, soil conditioners and chemical
fertilizer on cassava fresh tuber yield, starch con-
tent, starch yield and aboveground biomass
Deep tillage to the depth of 45-50 cm (D)
highly significantly gave higher fresh tuber yield of
28.62 t/ha and starch yield of 7.78 t/ha than did
normal tillage to the depth of 25-30 cm (N) that had
both yields of 25.61 and 6.93 t/ha, respectively
(Figure 1a, c) while there was no difference in
starch content and aboveground biomass (Figure
1b, d). It can be stated that deep tillage that took
some of subsoil, which possessed some unfavora-
ble properties such as low soil pH and very low
organic matter content, to mix with topsoil did not
have adverse effect of growing plant. This operation
may have helped enhance growth and subse-
quently results in an increase of cassava yield as
dense layer directly beneath the topsoil was de-
stroyed. In addition to that, the movement of water
within soil profle would be more rapidly, resulting
in reducing accumulation of water in the soil surface
and subsequent runoff (Hassan et al., 2007). Al-
though, this result is yet to be sufficiently conclu-
sive, previous studies showed that to prevent re-

compaction and help re-forming the structure of
tilled soil, a binding or flocculating agent (lime,
gypsum or organic matter) is needed. Without such
agent compaction can recur (Hamza and Ander-
son, 2002; 2003) sometime in the first year after
tillage (Moffat and Boswell, 1996). Hall et al. (1994)
reported that the effect of deep tillage on soil-water
relations declines after the first year and yield in-
creases associated with deep tillage did not persist
beyond the second year of the experiment,
presumably due to re-compaction.

The soil amended with dolomite at the rate of
625 kg/ha (T8) significantly gave the highest fresh
tuber yield of 31.68 t/ha. This amount of yield was
statistically not different from those obtained from
plots amended with dolomite at doubling rate (T9),
both rates of ground limestone (T10 and T11), and
bentonite at the rate of 625 kg/ha that gave the yield
in the range of 27.20-30.83 t/ha. It was clear that
growing cassava without the use of soil conditioner
gave the lowest yield of 23.82 t/ha (Figure 1a).
Similar trends were also found in the case of starch
yield and aboveground biomass (Figure 1c, d) that
the application of dolomite at the rate of 625 kg/ha
(T8) also positively showed the greatest impact.
This coincides with Manrique (1987) in which the
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result showed a positive and significant cassava
yield response to liming a strongly acid Ultisol with
6-11 t/ha lime. In addition, recent studies con-
ducted on rather similar soils in the northeast also
demonstrated better effectiveness of dolomite and
ground limestone used to condition the soil for
growing cassava than the others (Kanjana et al.,
2012: Yimnoi et al., 2014).

It was rather surprising that different rates of
chemical fertilizer added did not give any different
yield components instead of the higher rate being
twice higher. Although, Sittibusaya (1996), based
on results of a large number of FAO-sponsored
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on-farm fertilizer trails, recommended almost the
same amount as the higher rate (H) used in this
experiment, the yield response did not come to term
as expected. This might be due to the soil having
been severely degraded or amounts of major plant
nutrient required by cassava, Huay Bong 80 vari-
ety, being different from those varieties used in
those trials. Nonetheless, there were no different
effects of interactions between tillage and soil
conditioner, tillage and chemical fertilizer, and soil
conditioner and chemical fertilizer these yield com-

ponents.
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N = Normal tillage; D = Deep tillage; T1: no soil conditioner, T2 and T3: bentonite 625 and 1,250 kg/ha, T4 and T5: perlite 625 and 1,250 kg/
ha, T6 and T7: gypsum 625 and 1,250 kg/ha, T8 and T9: dolomite 625 and 1,250 kg/ha, and T10 and T11: ground limestone 625 and 1,250

kg/ha, L and H = Chemical fertilizer 312.5 and 625 kg/ha; common letters on the top of bars are not significantly different; no letter on the top

of bars shows no significant difference

Figure 1 Effects of tillage, soil conditioners and chemical fertilizer on cassava fresh tuber yield, starch content,

starch yield and aboveground biomass
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Effects of tillage, soil conditioners and chemical
fertilizer on the relationships between plant
nutrient concentration and cassava yield
components

Pearson correlation coefficient (2-tailed) was
done to establish relationships between nutrient
concentration and cassava yield components
(Table 2). Phosphorus concentration in tuber
positively correlated with aboveground biomass
(r = 0.20**) while Mg concentration significantly
showed a negative correlation with aboveground
biomass (r = -0.15%). In stem base, P concentra-
tions had highly positive correlations with fresh
tuber yield (r = 0.37**), starch yield (r = 0.36**)
and aboveground biomass (r = 0.30**).

In stem, P concentrations highly positively
correlated with fresh tuber yield (r = 0.27**), starch
yield (r = 0.26**) and aboveground biomass (r =
0.23**). Nitrogen concentrations in this plant part
also positively correlated with fresh tuber yield (r
=0.18%), starch yield (r = 0.18*) and aboveground
biomass (r = 0.15*). Potassium concentrations
highly significantly had positive correlations with
fresh tuber yield (r = 0.22**) and starch yield (r =
0.23**). Moreover, Ca concentrations highly
positively correlated with fresh tuber yield (r =
0.21**), starch yield (r = 0.22**) and had a positive
correlation with aboveground biomass (r = 0.15%).
There were positive correlations between Mg
concentrations and fresh tuber yield (r = 0.16%)
and starch yield (r = 0.16%).

In leaf and branch, there were only some
micronutrients that had correlations with yield
components. Manganese concentration had
positive correlations with fresh tuber yield (r =
0.18%), starch yield (r = 0.19*) and aboveground
biomass (r = 0.20**) while Cu concentration
positively correlated with aboveground biomass
(r=0.20*).
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Considering fresh tuber yield, P concentra-
tions in stem base and stem, N, K, Ca and Mg
concentrations in stem and Mn concentration in
leaf and branch showed positive correlations to
different degrees. This indicated that the increase
of these nutrients concentration in aboveground
plant part had the effect on increasing cassava
fresh tuber yield. In the case of starch yield or in
the other word, the quality of cassava tuber, there
were P concentration in tuber, all major plant
nutrients in stem including Ca and Mg, and Mn in
leaf and branch that had the correlation with
starch yield. This can be indicative of the plant
with substantial amounts of macronutrients stored
in the stem part being likely to give satisfactory
starch yield. Among these correlations found in
the study, P was the most common, thus
management of P fertilization is vital in terms of
improving yield of cassava, Huay Bong 80 variety,
grown on this Typic Paleustults, of which this initial
content of it available form before planting was
very low (0.19-1.09 mg/kg).

Phosphorus in leaf and branch, stem and
stem base usually promotes root growth and plays
an important role in energy transformations and
metabolic processes in plants. It is essential for
photosynthesis and carbohydrate synthesis,
hence important for tuberization. Cassava is found
to be inefficient in P uptake though it grows well
in low P soil and cassava’s response to P has
usually been minor (John, 2010). Improvement in
quality of cassava due to increase in starch yield
and decrease in cyanogenic glycoside content
as a result of higher levels of P nutrition were
reported by John et al. (2005). Application of P
up to 100 kg/ha PZO5 enhanced starch yield and
reduced HCN content. Moreover, significant
reduction in HCN content, increasing in dry
matter, starch and crude protein contents due to
P fertilization (John et al., 2006).
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Table 2 Correlations between nutrient concentration in various parts of cassava and cassava yield components

Concentration Pearson’s r (N=176)

Tuber N P K Ca Mg S Fe Mn Zn Cu
FTY 0.11 0.14 -0.01 -0.08 -0.07 0.08 0.08 0.07 0.11 0.02
STC -0.01 0.02 0.01 0.01 0.14 0.03 0.07 -0.04 -0.12  -0.06
STY 0.1 0.14 -0.01 -0.08 -0.04 0.09 0.09 0.05 0.07  0.00
ABG 0.13 0.20** 0.06 -0.13 -0.15*  0.14 0.06 0.14 0.06 0.1

Stem base N P K Ca Mg S Fe Mn Zn Cu
FTY 0.07 0.37**  -0.07 -0.03 0.05 -0.05 -0.08 0.02 -0.07  -0.03
STC -0.12 0.03 0.08 -0.11 -0.10 -0.08 0.06 0.00 -0.02 -0.07
STY 0.03 0.36**  -0.05 -0.06 0.03 -0.06 -0.07 0.02 -0.08 -0.05

ABG 0.11 0.30** ___0.00 -0.02 0.05 -0.02 0.04 0.02 -0.08 0.03
Stem N P K Ca Mg S Fe Mn Zn Cu
FTY 0.18* 0.27*  0.22**  0.21** 0.16* 0.07 0.04 -0.03 0.00 -0.06
STC 0.07 0.04 0.08 0.10 0.04 0.11 0.00 0.04 -0.03  0.00
STY 0.18* 0.26**  0.23** 0.22** 0.16*  0.09 0.04 -0.01 -0.02 -0.06
ABG 0.15*% 0.23**  0.11 0.15* 0.12 0.02 0.01 -0.02 -0.02  -0.12

Leaf and branch N P K Ca Mg S Fe Mn Zn Cu
FTY 0.1 0.01 0.10 -0.01 -0.06 0.06 0.01 0.18* -0.05 0.1
STC 0.02 0.05 0.01 0.03 0.01 0.10 0.14 0.11 0.00 0.09
STY 0.1 0.02 0.1 0.00 -0.05 0.08 0.05 0.19* -0.03 0.13
ABG 0.12 0.10 0.09 -0.03 -0.05 0.04 0.03 0.20** 0.02 0.21**

FTY: fresh tuber yield, STC: starch content, STY: starch yield, ABG: aboveground biomass

* significant correlation, ** highly significant correlation

The other two major plant nutrients, N and K,
also showed correlation between their
concentration in stem and cassava yield. Nitrogen
is the second nutrient, after potassium, most used
by cassava (Howeler, 2002, 2014; Ayoola and
Makinde, 2007) in some cases. Nitrogen generally
promotes growth, improves the efficiency of
photosynthesis, increases leaf area index (LAI)
and increases the yield (Howeler, 2002; 2014).
Large nitrogen applications can also likely to
reduce the harvest index (HI), root yield and
starch content while increasing the HCN content
of the root (Edwards and Kang, 1978). The
positive correlation found here indicated that the
increase of this nutrient, especially in the stem
can possibly increase fresh tuber and starch
yields. This was also the case for K as shown by
its concentration in stem with fresh tuber and
starch yields in which this nutrient in stem besides
increasing the overall yield improves dry matter,
starch yield and reduces HCN content.
Application of K at 100 kg/ha Kzo produced

higher tuber yield with high percentage starch
yield and low HCN content (Nair and Aiyer, 1986).

Effects of tillage, soil conditioners and chemical
fertilizer on soil chemical property

The use of dolomite at the rate of 1,250 kg/
ha (T9) to condition the soil highly significantly
induced the highest soil pH of 6.34 (Figure 2a).
The values were also higher than that of the plot
amended with the lower rate of the same material.
Ground limestone also lifted soil pH when
compared to other soil conditioners such as
bentonite, perlite and gypsum and the control with
no application of soil conditioner. This is because
lime (CaCOS) was effective in raising soil pH (Liu
and Hue, 2011). Dolomite and ground limestone
had the effect on reducing soil acidity level in
coarse-textured soil and contained high amount
of bases such as Ca and Mg, which can serve to
reduce soil acidity (Redly and Utkaeva, 2009)
whereas bentonite, perlite and gypsum are not

lime material used for reducing soil acidity. The



KHON KAEN AGR. J. 45 (2) : 373-382 (2017).

results of this study agree with those obtained by
Makarim et al. (1989) and Cassel et al. (1990) in
West Sumatra. These results revealed that large
quantities of lime and commercial fertilizers were
needed for rapid reclamation of acid, infertile soil.
In addition, lime provides Ca’" and generates
OH" ions that neutralize the acidity, thus raising
the pH (Peregrina et al., 2006).

All practices had no effect on soil organic
matter content which the amounts (4.08 and 4.33
g/hg) remained in the soil were still very low
(Figure 2b). The amounts of soil organic matter
as affected by soil conditioners applied were in
the ranges of 3.78-4.56 g/kg. The soil amended
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significantly gave the highest available
phosphorus of 10.23 followed by 9.97 mg/kg
being from the plot amended with the same sail
conditioner at doubling rate (T3). It can be noticed
that the lowest amounts of available phosphorus
left in the topsoil were in the control plot with no
application of soil conditioner. Normal placement
of bentonite at the rate of 1,250 kg/ha (NT2)
significantly gave the highest available
phosphorus of 10.54 mg/kg left in the topsoil
(Figure 2c). Different depths of tillage with no
addition of soil conditioner (NT1 and DT1)
evidently resulted in the lowest amounts (7.26 and
6.64 mg/kg) of available phosphorus remained in

with bentonite at the rate of 625 kg/ha (T2) the soil.
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Figure 2 Effects of tillage, soil conditioners and chemical fertilizer on soil chemical property after growing

cassava for one crop
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It was evident that tillage, soil conditioner and
chemical fertilizer had the effect on available
potassium left in the topsoil. Deeper depth of the
first plough (D) statistically resulted in greater
amount of available potassium left in the soil than
did shallower depth (N) of the first plough, giving
the values of 16.82 compared to 15.45 mg/kg
(Figure 2d). Applying ground limestone at the rate
of 1,250 kg/ha (T11) highly significantly gave the
highest available potassium of 20.01 mg/kg
followed by 18.14 mg/kg which was obtained from
the soil amended with dolomite at the rate of 625
kg/ha (T8). With no application of soil conditioner
(T1), available potassium left in the soil was
lowest. This might be due to all soil conditioners
either have the ability to increase soil pH or
contain cation exchange capacity to some extent,
thus the application subsequently contributes the
ability of the soil to retain potassium. In addition,
raising soil pH can increase CEC and reduce
leaching of K but, unless Kis increased with lime,
sorption and availability of K may be increased
(von Uexkull, 1986). The application of 625 kg/ha
(H) significantly promoted higher available
potassium content than did the addition of 312.5
kg/ha (L), 16.73 compared to 15.55 mg/kg.

In addition, there was the interaction between
tillage and chemical fertilizers of which deep
tillage along with the addition of 625 kg/ha highly
significantly gave the highest available potassium
of 18.62 mg/kg left in the topsoil. Moreover, the
interaction between soil conditioner and chemical
fertilizers also had the influence on available
potassium. Applying dolomite at the rate of 625
kg/ha with the addition of 625 kg/ha (T8H) highly
significantly resulted in the highest available
potassium of 22.30 mg/kg remained in the topsail
after harvesting cassava.

Deep tillage at the depth of 40-50 cm (D) and

soil conditioner had no effect on available calcium
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left in the topsoil (Figure 2e) nor different type and
rate of soil conditioners. Ritchey et al. (2004)
reported that since only 34% of the Ca added as
dolomite was extracted from the surface 15 cm,
some of it may still have not dissolved, or it may
have been solubilized by reactions with acid rain
or N fertilizer and leached below 15 cm with
sulfate or nitrate ions, lost by erosion, taken up by
plants, moved downwards by soil fauna such as
earthworms, or transformed into nonexchangeable
forms. There were no different impacts of
chemical fertilizer, the interactions between tillage
and soil conditioner, tillage and chemical fertilizer,
and soil conditioner and chemical fertilizer on the
content of available calcium remained in the soil.
The reason for subsoil amelioration is to improve
rooting depth by increasing subsoil permeability.
The lime should be incorporated in the soil as
deeply as possible by a plough or disc harrow. It
is because lime left on the soil surface may,
depending on a soil’s buffer capacity and amount
of pH-dependent charge, react only with the
surface layer (1-2 cm) of soil and not release Ca
to move down the profile (Craswell, 1989). In the
case of available magnesium, the application of
bentonite at the rate of 1,250 kg/ha (T3) signifi-
cantly gave the highest available magnesium of
29.03 mg/kg followed by 27.39 mg/kg obtained
from the soil amended with perlite at the rate of
625 kg/ha (T4) (Figure 2f). This might be a coin-
cidence as the control statistically gave no differ-
ent amount and more noticeably the addition of
dolomite significantly showed lower amount in
spite of this material containing the highest
amount of Mg when compared to the others.

Conclusions

Deep tillage to the depth of 45-50 cm clearly

promoted greater fresh tuber and starch yields of
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cassava, Huay Bong 80 variety, than did normal
tillage to the depth of 25-30 cm that was
commonly operated by cassava growing farmers
in the northeast. The additions of dolomite and
ground limestone to condition this Typic Paleustult
(Yasothon soil series) were more effective
considering fresh tuber and starch yields obtained
than did the applications of bentonite, perlite and
gypsum. Growing cassava on this soil without
using any soil conditioner gave the lowest yield.
Furthermore, using of dolomite and ground
limestone can improve soil pH and available P
and K contents remained in the topsoil after
growing cassava for one crop. In addition, nutrient
concentrations positively correlated, to some
degree, with cassava yield components,
especially the concentrations of P in stem base,
N, P, K, Caand Mg in stem, Mn in leaf and branch
with fresh tuber yield.

Acknowledgment

The authors would like to thank National
Research Council of Thailand (NRCT) and
National Science and Technology Development
Agency (NSTDA) for financial support of this study.

References

Anusontpornperm, S., S. Nortcliff, and 1. Kheoruenromne. 2005.
Hardpan formation of some coarse-textured upland soils
in Thailand. p. 485. In: The Conference on Management
of Tropical Sandy Soils from Sustainable Agriculture.
November 27-December 2, 2005, Khon Kaen, Thailand.

Anusontpornperm, S., S. Nortcliff, and |. Kheoruenromne.
2009. Interpretability comparison between Soil
Taxonomic and Fertility Capability Classification
units: a case of some major cassava soils in northeast
Thailand. Kasetsart J. (Nat. Sci.) 43: 9-18.

Ayoola, O.T., and E.A. Makinde. 2007. Fertilizer treatments
effect on performance of cassava under two planting
patterns in a cassava-based cropping system in
south west Nigeria. Res. J. Agri. Bio. Sci. 3: 13-20.

381

Cassel, D.K., M.K. Wade, and A.K. Makarim. 1990. Crop
response to management of a degraded Oxisol Site
in West Sumatra. Soil Tech. 3: 99-112.

Craswell, E.T., and E. Pushparajah. 1989. Management
of Acid Soils in the Humid Tropics of Asia. Australian
Centre for International Agricultural Research.

Duangpatra, P. 1988. Soil and climatic characterization
of major cassava growing areas in Thailand. p. 157-
184. In: R.H. Howeler, and K. Kawano. Cassava
Breeding and Agronomy Research in Asia. Oct
26-28, 1988. Proc. 2" Regional Cassava Workshop,
Rayong, Thailand.

Duangpatra P. 2013. Soil Conditioners. Kasetsart University
publishing.

Edwards, D.G., and B.T. Kang. 1978. Tolerance of
cassava (Manihot esculenta Crantz) to high soil
acidity. Field Crops Res. 1: 337-346.

Hall, D.J.M., D.C. McKenzie, D.A. MacLeod, and |.D. Toolt.
1994. Amelioration of a hardsetting Alfisol through
deep moldboard ploughing, gypsum application and
double cropping. Soil Till. Res. 28: 271-285.

Hamza, M.A., and W.K. Anderson. 2002. Improving sail
fertility and crop yield on a clay soil in Western
Australia. Aust. J. Agric. Res. 53: 615-620.

Hamza, M.A., and W.K. Anderson. 2003. Responses of
soil properties and grain yields to deep ripping and
gypsum application in a compacted loamy sand soil
contrasted with a sandy clay loam soil in Western
Australia. Aust. J. Agric. Res. 54: 273-282.

Hamzaa, M.A., and W.K. Anderson. 2005. Soil compaction
in cropping systems: A review of the nature, causes
and possible solutions. Soil Till. Res. 82: 121-145.

Hassan, F.U., M. Ahmad, N. Ahmad, and M.K. Abbasi.
2007. Effects of subsoil compaction on yield and
yield attributes of wheat in the sub-humid region of
Pakistan. Soil Till. Res. 96: 361-366.

Howeler, R.H. 1981. Mineral Nutrition and Fertilization
of Cassava. Centro Internacional De Agricultura
Tropical, Cali.

Howeler, R. 2002. Cassava mineral nutrition and fertilization.
P. 115-148. In: R. J. Hillocks, J. M. Thresh, and
A. C. Bellotti. Cassava: Biology, Production, and
Utilization. CABI Publishing, New York.

Howeler, R. 2014. Sustainable Soil and Crop Manage-
ment of Cassava in Asia: A Reference Manual. The
International Center for Tropical Agriculture (CIAT)

and The Nippon Foundation, Tokyo.



382

John, S.K,, C.S. Ravindran, and J. George. 2005. Long Term
Fertilizer Experiments: Three Decades Experience
in Cassava. Technical Bulletin Series No.45, Central
Tuber Crops Research Institute. Thiruvananthapuram.

John, K.S, G. Suja, S. Edison, and C.S. Ravindran. 2006.
Nutritional Disorders of Tropical Tuber Crops.
Technical Bulletin Series No.48, Central Tuber
Crops Research Institute, Sreekariyam, Thiruvanan-
thapuram.

John, K.S. 2010. Dynamics of nutrients under cassava
(Manihot esculenta Crantz) grown in an Ultisol of
Kerala-A review. J. Root Crops. 36: 1-13.

Kaewkamthong, Y., S. Thanachit, S. Anusontpornperm,
and W. Wiriyakitnateekul. 2014. Alleviation of Soil
Compaction Problem for Growing Cassava on a
Typic Paleustult, Northeast Thailand. Asian J. Crop
Sci. 6: 334-344.

Kanjana, D., S. Anusontpornperm, S. Tanachit, and A.
Suddhiprakarn. 2012. Effects of Soil Conditioners
on Yield and Starch Content of Cassava Grown on
a Degraded Yasothon Soils. The Proceedings of
the 38" Congress on Science and Technology of
Thailand (STT38).

Kliaklom, O., S. Thanachit, S. Anusontpornperm, |. Kheoru-
enromne, and L. Chainet. 2010. Properties of plough
pan in cassava and sugarcane growing soils, Khon
Kaen province. Khon Kaen AGR. J. 38: 313-324.

Liu, J., and N. V. Hue. 2011. Amending subsoil acidity by
surface applications of gypsum, lime and composts.
Commun. Soil Sci. Plant Anal. 32: 2117-2132.

Makarim, A. K., D. K. Cassel, and M. K. Wade. 1989.
Effects of land reclamation practices on chemical
properties of an acid, infertile Oxisol in West Sumatra.
Soil Technology. 2: 27-39.

Maurique, L.A. 1987. Response of cassava to liming on a
strongly acid Ultisol of Panama. Commun. Soil Sci.
Plant Anal. 18: 115-130.

Meewassana, E., S. Anusontpornperm, |. Kheoruenromne,
and A. Suddhiprakarn. 2010. Characteristics of
plough pan under cassava production areas in
Nakhon Ratchasima province. Khon Kaen Agr. J.
38: 205-214.

Moffat, A.J., and R.C. Boswell. 1996. The effectiveness of
cultivation using the winged tine on restored sand
and gravel workings. Soil Till. Res. 40: 111-124.

WNWNEAT 45 (2) : 373-382 (2560).

Nair, P.G., and R.S. Aiyer. 1986. Effect of potassium
nutrition on cassava starch characters. J. Root Crops
12: 13-18.

Office of Agricultural Economics. 2016. Agricultural
Statistics of Thailand 2015. Division of Information
Management under Center for Agricultural
Information, Ministry of Agriculture & Co-operatives.

Peregrina, F., J.S. Arias, R.O. Fernandez, P.G. Fernandez,
and R.E. Serrano. 2006. Agronomic implications
of the supply of lime and gypsum by-products to
Palexerults from western Spain. Soil Sci. 171: 65-81.

Promma J., S. Anusontpornperm, S. Thanachit, I.
Kheoruenromne, and P. Petprapai. 2012. Khon Kaen
Agr. J. 40: 19-26.

Ratanawaraha, C., N. Senanarong, and P. Suriyapan.
1997. Status of Cassava in Thailand. p. 63-102. In:
Implications for Future Research and Development.
The Thai Tapioca Trade Association Report (Various
Issues). Bangkok.

Redly, M., and V. F. Utkaeva. 2009. Kinds of chemical
amelioration. P. 185-206. In Agricultural land
improvement: Amelioration and Reclamation. Vol. II.

Ritchey, K. D., D. P. Belesky, and J. J. Halvorson. 2004.
Soil properties and clover establishment six years
after surface application of calcium-rich by-products.
Aron. J. 96: 1531-1539.

Riyaphan S., S. Thanachit, S. Anusontpornperm, A.
Suddhiprakarn, and P. Petprapai. 2010. Khon Kaen
Agr. J. 38: 191-204.

Sittibusaya, C. 1996. Strategies of Developing Fertilizer
Recommendations for Field Crops. Department of
Agriculture, Ministry of Agriculture and Cooperatives,
Bangkok.

Suksawat, N., S. Thanachit, |. Kheoruenromne, and
S. Anusontpornperm. 2010. Effect of tillage and
soil amendments on yield of cassava grown on
coarse-textured soils. The proceedings of the 36"
Congress on Science and Technology of Thailand
(STT36).

von Uexkull, H.R. 1986. Efficient fertilizer use in acid
upland soils of the humid tropics. FAO Fertilization
and Plant Nutrition Bulletin 10. FAO. Rome.

Yimnoi, N., S. Anusontpornperm, and S. Thanachit.
2014. Effect of Lime Materials and Cassava Peel on
Cassava Grown on a Satuk Soil. The proceedings
of the 40" Congress on Science and Technology of
Thailand (STT40).



