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Cumulative effect of soil conditioners on aggregate distribution and
carbon sequestration of Warin soil in cassava field
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ABSTRACT: The cumulative effect of soil conditioners, namely perlite, bentonite and ground limestone each at the
rate of 200 kg/rai, chicken manure at the rates of 500 and 1,000 kg/rai, and chicken manure + perlite at the respective
rates of 500 and 200 kg/rai, which were incorporated for four consecutive years during land preparation, on cassava
and properties of Warin soil was conducted in Nakhon Ratchasima province. The results revealed that application of
500 kg/rai chicken manure + 200 kg/rai perlite significantly resulted in the highest cassava fresh tuber and starch yields
and aboveground biomass with the amounts of 7.53,2.22 and 1.35 ton/rai, respectively but without any difference
from the sole use of chicken manure at the rate of 500 or 1,000 kg/rai while the application of perlite, gypsum and
bentonite giving indifferent yield to no application of soil conditioners. However, the control tended to give the low-
est cassava fresh tuber and starch yields of 3.31 and 0.88 ton/rai, respectively. Continuous use of soil conditioners
clearly helped better chemical properties of the topsoil when compared to those without soil conditioner applica-
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tion. Ground limestone statistically reduced soil acidity level (pH 6.8) while chicken manure applied at 1000 kg/rai
significantly increasing cation exchange capacity (6.23 cmol /kg) organic matter content (5.75 g/kg) and available
K (66.6 mg/kg) of the soil and also promoting the highest organic carbon storage (0.43 kg /m?). In general, it was
found that most of soil aggregates were in the size between 0.25-0.1 mm whereas organic carbon was mainly stored
in aggregate size of 1-0.5 mm with the amount of 0.12-2.63 kg /m’. The application of inorganic soil conditioners
tended to increase more organic carbon storage in soil aggregate than did organic soil conditioner while combined

application reducing the organic carbon storage.

Keywords: aggregate size, organic carbon, inorganic soil conditioners, organic soil conditioners, Tropical soils
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Table 1 Physico-chemical properties of Warin soil series in the experimental area.

Depth  Horizon  particle size distribution ~ Textural Bulk SoilpH  OM CEC BS
(cm) Sand  Sit  Clay class density Ksat
(cm/nr) ..
Y P (Mg/m?°) (1:1H.0) (gikg) (cmol /kg) (%)
0-22 Ap1 863 7 60 Loamy sand 1.48 4.1 5.5 3.43 2.3 15
22-46 Apd 821 137 42 Loamy sand 1.74 2.8 5.5 4.67 2.3 17
46-75 Bt1 780 84 136 Sandy loam 1.64 41 5.4 0.27 2.3 19
75-100 Bt2 751 92 157 Sandy loam 1.64 8.2 5.2 0.27 2.5 17
100-129 Bt3 776 63 161 Sandy loam 1.67 6.9 5.2 0.69 2.5 10
129-152 Bt4 752 82 166 Sandy loam 1.67 6.6 5.1 1.10 2.8 10
152-170 Bt5 771 46 183  Sandy loam 1.65 4.5 4.9 1.10 2.8 13
170-200" Bt6 687 168 145 Sandy loam 1.60 2.7 4.9 3.16 3.0 14

Note: LS = loamy sand, SL = sandy loam; Ksat = hydraulic conductivity by variable head method; OM = organic matter

by Walkley and Black method; CEC = cation exchange capacity by NHAOAC at pH 7.0 method; BS = base saturation

percentage; Available P = soil extracted by Brayll solution; Available K = soil extracted by 1 M NHAOAC atpH 7.0
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Table 2 Properties of topsoil and subsoil horizon of Warin soil series prior to conducting the experiment.

Soll " Topsoils Subsoils
oil properties

(0-18/20 cm) (0-18/20-60 cm)
Soil pH (1:1 HZO) 4.8 51
Organic matter (g/kg) 1.85 1.95
Total N (g/kg) 0.54 0.51
Available P (mg/kg) 9.87 1.47
Available K (mg/kg) 85.1 45.3
Extractable Ca (CmoIC/kg) 0.64 0.46
Extractable Mg (cmoIC/kg) 0.23 0.12
Extractable Na (CmoIC/kg) 0.24 0.32
BS (%) 15.7 9.33
CEC (Cmolp/kg) 712 9.93

Note: Organic matter by Walkley and Black method; Total N by Kjeldahl method; CEC = cation exchange

capacity by NH4OAC at pH 7.0 method; BS = base saturation percentage; Available P = soil extracted by Brayl|

solution; Available K and extractable bases= soil extracted by 1 M NH4OAC atpH 7.0
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Table 3 Properties of soil conditioners used in the experiment

Property Perlite Gypsum Bentonite Ground limestone  Chicken manure
pH (1:1 HZO) 7.70 7.50 4.60 8.90 7.00
EC (dS/m) (1:5 H2O) 0.26 2.76 0.42 0.07 1.50
OC (%) nd** nd** nd** nd** 23.6
CEC (cmolc/kg) nd** nd** nd** 1.00 65.1
Total N (g/kg) nd* nd* 0.03 nd* 46.9
Total P (g/kg) nd* 4.40 nd* 3.70 7.60
Total K (g/kg) 2.80 nd* 0.16 0.30 17.6
Total Ca (g/kg) 2.20 253 0.01 359 26.2
Total Mg (g/kg) 1.00 0.60 0.07 53.6 3.20
Total S (g/kg) 2.20 0.39 0.08 0.90 nd*
Total Na (g/kg) 1.90 0.10 nd* 2.50 1.4
Total Fe (mg/kg) 0.20 0.20 2.45 0.10 250
Total Zn (mg/kg) 0.40 91.0 nd* 170 470
Total Cu (mg/kg) 0.10 134 nd* 217 4.00
Total Mn (mg/kg) 0.30 155 nd* 222 470

Note: EC = Electrical conductivity, CEC = cation exchange capacity, nd* = non detectable, nd** = not determined.
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T1: Control T2: Perlite 200 kg/rai T3: Gypsum 200 kg/rai T4: Bentonite 200 kg/rai T5: Ground limestone 200 kg/rai T6: Chicken

manure 500 kg/rai T7: Chicken manure 1,000 kg/rai T8: T6+T2

Figure 1 Cumulative effect of soil conditioners on yield parameters of cassava grown on Wn soil.
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Table 4 Cumulative effect of soil conditioners on soil chemical properties of topsoil horizon, Warin soil series.

WSA AWC pH CEC oM Avail. K
Treatments (%) (%byvol) (11HO) (cmol/kg) (gkg)  (mglkg)
No soil conditioner 171 2.25 5.70bc 3.78d 4.33bc 35.9b
Perlite 200 kg/rai 17.0 2.46 5.563¢c 5.20bc 4.40bc 42.4b
Gypsum 200 kg/rai 21.4 2.24 5.53¢c 6.83a 4.07bc 35.3b
Bentonite 200 kg/rai 15.3 3.00 5.87bc 4.29cd 4.33bc 42.4b
Ground limestone 200 kg/rai 19.0 3.02 6.83a 4.32cd 3.78¢c 35.8b
Chicken manure 500 kg/rai 18.8 2.82 5.43¢c 6.43a 5.06ab 43.3b
Chicken manure 1000 kg/rai 17.9 2.1 6.07b 6.23ab 5.75a 66.6a
Chicken manure 500 kg/rai + Perlite 200
. 15.3 2.91 5.77bc 5.00cd 4.40bc 39.3b
kg/rai
F-test ns ns * > * *
CV 19 20 4 12 13 18

Note: ns: non-significant, *,** significantat 0.05 and 0.01 probability levels, respectively, means with the different letters in

column are significantly different from each other according to DMRT. WAS = water aggregate stability, AWC = available

water capacity, CEC = cation exchange capacity, OM = organic matter, Avail.K = available K was extracted

by NH OAC.
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T1: no soil conditioner application
T2: Perlite 200 kg/rai

T3: Gypsum 200 kg/rai

T4: Bentonite 200 kg/ rai

T5: ground limestone 200 kg/rai
T6: Chicken manure 500 kg/rai

0.0

T T2 T3 T4 T5 T6

3

T8

T7: Chicken manure 1,000 kg/rai
T8: Chicken manure 500 kg/rai +Perlite 100 kg/rai

Figure 2 Cumulative effect of soil conditioners on carbon sequestration in Warin soil series
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Figure 3 Aggregate size distribution in Wn soil amended with different soil conditioners at depth of 0-10 cm
(a), 10-20 cm (b), 20-30 cm (c), 30-40 cm (d) and 40-50 cm (e).
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