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Effect of tillage and soil amendments on aggregate stability in
cassava growing Yasothon soil series
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ABSTRACT: A study on the effect of tillage and soil amendments on stability of aggregates in compacted Yasothon
soil series was conducted in two consecutive-year experimental plot in Nakhon Ratchasima. The experiment was
arranged in Spit Plot in Randomized Complete Block design. Main plot consisted of conventional and deep tillages
while subplot being a comparison among soil amendments applied such as cassava starch waste, cassava peel,
ground limestone and no soil amendment application. Result showed that tillage practice at different depths induced
no different cassava yields whereas soil amendments had no different effects either in the first year (4.92-5.57 t/rai)
but in the second year the addition of cassava starch waste of 2,000 kg/rai together with ground limestone highly
significantly contributed the highest cassava fresh tuber yield of 3.39 t/rai with no statistical difference to that from
the addition of cassava peel at rates of 500 or 1,000 kg/rai along with ground limestone (3.33 and 3.27 t/rai). No
application of soil amendment gave the lowest yield of 2.10 t/rai. Tillage at different depths together with adding soil
amendment had no impact on different soil strengths (0.5-2.0 MPa) but deep tillage combining with the application
of cassava starch waste of 1,000 kg/rai together with ground limestone of 200 kg/rai resulted in the highest
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available water capacity in the range of 4.13-4.32% by volume at all depths measured. Most water stable aggregates
in amended Yasothon soil series were still small (<0.25 mm). The incorporation of soil amendments into different
depths significantly stimulated different amounts of soil water stable aggregate in all sizes (2-8, 1-2,0.5-1,0.25-0.5,
0.1-0.25 and < 0.1 mm). Wastes from starch manufacturing plant promoted the formation of large-sized water stable
aggregate in topsoil while ground limestone enhancing the development of this large-sized aggregate in subsoil at

the depth between 30-50 cm.

Keywords: Tillage, Soil amendment, Water stable aggregate, Cassava, Yasothon soil series
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Table 1 Physico-chemical properties of Yasothon soil series in the experimental area.

Particle size
SoilpH OM Available CEC BS
Depth distribution Textural  density
Horizon -
(cm) sand silt  clay class Mg/ (111 P K
— glkg-——— ) m’) HO) (gkg) (-—mg/kg--) (cmol /kg) (%)
0-18 Ap1 746 81 173 Sandy loam 1.71 5.0 7.7 5.04 153.6 3.8 22.7
18-37 Bt1 698 93 209 Sandyloam 1.78 4.2 7.9 1.97 17.0 7.0 23.3
37-58 Bt2 679 130 191  Sandy loam 1.65 4.7 7.7 1.23 14.5 4.2 11.8
58-80 Bt3 665 130 204 Sandyloam 1.63 4.5 7.9 1.23 16.8 4.0 14.6
80-103 Bt4 642 128 230 Sandyloam 1.64 4.1 7.2 0.25 13.9 5.7 15.5
103-127 Bt5 635 130 236 Sandyloam 1.53 4.1 7.0 0.94 13.3 10.0 9.1
127-150 Bt6 629 130 241 Sandyloam 1.73 43 6.9 1.83 12.1 6.8 15.2
150-173 Bt7 620 131 249  Sandy loam 1.69 4.4 5.3 1.39 11.8 5.8 18.8
173-200" B8 702 142 156 Sandy loam 1.83 4.3 7.0 1.40 11.6 5.4 18.6

CEC = cation exchange capacity by NH4OAc at pH 7.0 method; BS = base saturation percentage; Available
P = soil extracted by Bray Il solution; Available K = soil extracted by 1 M NH40OAc at pH 7.0

Table 2 Properties and nutrient content of soil amendments used in the experiment.

Property Ground limestone Cassava starch waste Cassava peel
pH(H 0) 1:1 8.9 5.8 6.2
EC (dS/m) (1:5 HZO) 0.07 1.19 1.06
OC (%) 0.06 19.7 20.5
CEC (cmolc/kg) nd 0.62 0.78
Total N (g/kg) nd 3.5 6.3
Total P (g/kg) 3.7 0.6 0.5
Total K (g/kg) 0.3 2.8 5.2
Total Ca (g/kg) 359 5.6 6.2
Total Mg (g/kg) 53.6 1.4 1.3
Total Na (g/kg) 2.5 2.9 2.9
Total Fe (mg/kg) 0.41 nd 212
Total Zn (mg/kg) 170 nd 29
Total Cu (mg/kg) 217 4.40 3.41
Total Mn (mg/kg) 222 nd 105

Note: nd = not determined.
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C: conventional tillage, D: deep tillage, T1: no soil amendment application (control), T2, T3, T4: cassava starch waste at 500, 1000 and 2000 kg/rai,

respectively; T5, T6: cassava peel at 500 and 1000 kg/rai, respectively, T7: ground limestone at 200 kg/rai; T8: T2+T7; T9: T3+T7; T10: T4+T7; T11:

T6+T7; T12: T6+T7

Different lowercase letters on bars for different treatments are significantly different (p < 0.05).

Figure 1 Effect of tillage and soil amendments on yield components; fresh tuber yield (a), starch yield (b) and

aboveground biomass (c) of cassava grown on Yasothon soil series.
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Table 3 Effect of tillage and soil amendments on water stable aggregate (WSA) distribution in Yasothon soil
series at 0-10 and 10-20 cm depths.

Water stable aggregate size (mm) distribution (%)

Treatment
8-2 2-1 1-0.5 0.5-0.25  0.25-0.1 <0.1 8-2 2-1 1-05  0.5-0.25 0.25-0.1 <0.1
Soil depth: 0-10 cm Soil depth: 10-20 cm
T1C 1.23g 2.11efg  6.56cd  18.53cde 39.34cde  32.27a 9.82d 1.85 6.689 16.68I 38.82h 25.89i
T2C 1.54fg  1.73efg  6.82cd 19.06cd  37.26de 33.42a 3.58] 5.63a 8.13c 16.84k  37.82¢ 28.09f
T3C 6.06c 3.4bcd  7.68bcd  22.56b 35.63ef  24.63ab  10.41c 2.69ij 8.15¢ 18.27i  31.84cd  28.75e
T4C 2.16ef  2.12efg  8.23bc 22.57b 61.35a 3.55¢ 3.51j 3.41g 8.20c 18.69h 39.05i 27.16h
T5C 1.42fg  1.47fgh 7.1cd  20.09bcd  44.74b 25.17ab 7.73f 1.54m 7.58e 19.48g 38.38f 25.31k
T6C 27.37a  2.72cd 3.26d 8.38g 29.92g 28.28a 19.33a 5.22b 5.37j 13.79m  33.32cd  23.03
T7C 1299 1.77efg  6.35cd  18.57cde  45.27b 26.75a 1.721 2.87h 8.59b  19.71ef  41.28n 25.82ij
T8C 149fg 2.02efg  11.70b  20.54bc  38.44cde  25.84a 1.21n 3.53f 8.83a 21.38a  43.27q  21.780
T9C 6.08c  3.37bcd 7.66bcd 18.57cde  45.26b 26.75a 10.37¢ 2.72ij 8.12c 19.71ef  41.27m  25.83ij
T10C 2.17ef  2.08efg  8.23bc  18.51cde  45.18b 26.8a 3.55] 3.4g 8.21c 19.77e  41.350 25.87i
T11C 1.36fg  1.50fgh  7.05cd 1.22i 1.73) 6.27c 7.68f 1.6m 7.52e 1.77p 2.83a 8.57s
T12C 27.44a 2.67cde  3.31d 18.66cde  45.35b 26.67a 19.27a 5.17b 5.33] 19.63f 41.211 25.74j
T1D 249 5.24a 9.48bc 42.66a 36.91de 3.25¢ 3.18k 3.87d 4.90k 10.27n  30.52c  47.26a
T2D 0.95g  2.38def 3.27d  20.10bcd 38.85cde  34.42a 6.76g 3.81d 6.33i 17.61j 37.60e  27.84g
T3D 0.76g 0.46h 6.94cd 19.96 42.72bc 29.14a 1.57m 2.64j 7.78d 19.48g  38.62g 29.87c
T4D 2.82e 1.08gh 6.48cd  16.76def  35.87ef 37.07a 1.771 1.25n 6.31i 20.13d  41.53p  29.06d
75D 2.67e 3.82b  7.47bcd 18.87cde 39.62cde  27.49a 11.18b 4.06c 6.81f 17.64j 38.30e  21.93n
T6D 0.68g  1.67efg  7.15cd 20.48bc  41.25bcd 29.1a 4.03i 2.04k 6.43h 18.74h  36.47d  32.32b
T7D 3.97d 5.31a 20.37a 15.69ef 21.86h 32.83a 5.14h 3.68e 8.78a  21.11bc  39.92)  21.34pq
78D 7.47b 3.77bc  7.74bcd 15.16f 32.58fg 33.28a 8.46e 2.77i 8.21c 19.65ef  38.32e  22.58m
T9D 0.76g 0.42h 7.00cd 20.59bc 28.64g 11.94bc  1.53m 2.66j 7.77d  21.12bc  39.96k  21.33pq
T10D 2.85e 1.04gh 6.47cd 20.48bc 28.72g 11.84bc 1.771 1.24n 6.30i 21.17b 29.88 21.29q
T11D 2.62e 3.76bc  7.50bcd 5.26h 6.93i 26.71a 11.14b 4.12c 6.83f 5.180 3.62b 8.88r
T12D 0.74g  1.68efg  7.27cd 20.64bc 28.61g 11.98bc 3.97i 1.97k 6.38hi  21.04c 39.92i 21.42p
F-test o o o o o ot ot o o ok ot o
CV (%) 9.83 24.44 29.73 9.33 6.78 30.83 0.83 1.46 0.76 0.41 0.15 0.25

** significantly different at 0.01 probability level, means with different lowercase letters within a column indicate a significant difference according
to Duncan’s multiple range test at p < 0.01.
C: conventional tillage, D: deep tillage, T1: no soil amendment application (control), T2, T3, T4: cassava starch waste at 500, 1000 and 2000
kg/rai, respectively; T5, T6: cassava peel at 500 and 1000 kg/rai, respectively, T7: ground limestone at 200 kg/rai; T8: T2+T7; T9: T3+T7; T10:

T4+T7; T11: T6+T7; T12: T6+T7

Table 4 Effect of the interaction between tillage and soil amendments on water stable aggregate (WSA)

distribution in Yasothon soil series at 20-30 and 30-40 cm depths.

Water stable aggregate size (mm) distribution (%)

Treatment
8-2 2-1 1-0.5 0.5-0.25  0.25-0.1 <0.1 8-2 2-1 1-0.5 __0.5-0.25 0.25-0.1 <0.1
Soil depth: 20-30 cm Soil depth: 30-40 cm
T1C 1.66k 2.03g 6.47k 19.391 41.78d 28.74g 0.08p 1.52h 5.14p 17.870 39.66h 35.61a
T2C 4.18e 6.08a 8.28e 17.23p 35.33 28.89f 4.14e 2.13f 6.36m 16.48r 34.91n 35.93a
T3C 1.18mn 1.27n 6.72i 20.38g 36.60j 34.10c 0.660 1.42ij 5.63n 17.37p 39.11j 35.82a
T4C 1.070 1.79i) 6.51jk 19.73] 61.92a 9.04p 3.94f 1.18k 1291c  24.82b 34.580 22.55h
T5C 3.57f 1.93gh 9.18b 23.62b 41.12g 20.591 1.88l 1.48hi 6.97jk 21479 42.96a 25.17f
T6C 3.36g 3.3% 8.88c 18.18n 34.72m  31.48d 2.93i 2.88d 7.19hi 20.14k 39.95g 26.9d
T7C 1.321 1.64kI 7.58g 21.45d 46.89b 21.05k  1.29m 1.77g 8.65d  22.18ef 42.43bc  23.74g
T8C 12.80a 4.67c 7.82f 18.98m 37.47h 18.25n 2.05k 3.45¢c 7.05i) 20.03 41.28e 26.12e
T9C 1.14no 1.22n 6.77i 21.46d 46.94b 21.05k 0.690 1.42ij 5.67n 22.25e 42.36¢ 23.74g
T10C 1.040 1.76i) 6.54jk 21.40d 46.84b 21.10k 3.95f 1.16k 1290c  22.25e  4247b 23.68g
T11C 3.6f 1.88hi 9.24b 1.25s 1.63r 7.61q 1.811 1.43ij 6.90k! 1.24s 1.73s 7.61j
T12C 3.43g 3.48e 8.94c 21.52¢ 46.87b 21.00k 2.87i 2.9d 7.22h 2210f  42.44bc  23.82g
T1D 7.46d 0.780 36.72a 25.93a 18.13p 11.060 3.15h 0.45| 17.24b  38.66a  36.66m 3.76k
T2D 2.23i 1.72jk 4.34n 11.71q 26.350 53.62a 6.17b 4.13b 6.38m 16.82q 37171 29.40c
T3D 2.10 2.45f 7.52g 17.49 32.38n 38.11b 2.48j 2.18f 6.88! 19.11m 39.38 30.07b
T4D 1.25Im 1.65kI 6.9h 20.13h 41.44e 28.68g 0.82n 1.39jj 7.37g 22.49d  42.39bc  25.61ef
T5D 8.81c 5.45b 4.47m 21.06e 36.48k 23.66j 3.77g 2.45e 7.77fF 20.74h 41.17f 24.09g
T6D 0.53p 1.48m 5.93I 19.98i 42.50c 29.58e 5.94c 3.45¢ 7.13i 18.7n 37.97k 26.8d
T7D 2.76h 2.37f 6.60j 19.42kl  41.33ef  27.49hi 24.57a  5.66a 18.52a  20.52ij  30.18pq 0.62!
78D 9.87b 4.02c 8.63d 20.53f 36.86i 20.09m 5.1d 1.48hi 8.3e 20.55ij 41.77d 22.77h
T9D 2.09p 2.40f 7.57g 19.42kl  41.33ef  27.50hi 2.52j 2.16f 6.88! 20.45]  30.18pq 0.63I
T10D 1.2mn 1.63kl 6.90h 19.42kI 41.30f 27.56h 0.80n 1.37j 7.37g 20.58i 30.24p 0.58l
T11D 8.87c 5.53b 4.52m 2.73r 2.42q 6.58r 3.82g 2.4e 7.73f 24.52¢ 5.58r 18.46i
T12D 0.57p 1.53Im 5.88l 19.48k  41.38ef 27.41i 5.87¢c 3.38c 7.1 20.47] 30.13q 0.68l
F-test x o o o o o o o ok o ok o
CV (%) 1.53 244 0.66 0.17 0.19 0.26 1.66 247 0.53 0.28 0.18 1.67

** significantly different at 0.01 probability level; means with different lowercase letters within a column indicate a significant difference according
to Duncan’s multiple range test at p < 0.01.
C: conventional tillage, D: deep tillage, T1: no soil amendment application (control), T2, T3, T4: cassava starch waste at 500, 1000 and 2000
ka/rai, respectively; T5, T6: cassava peel at 500 and 1000 kg/rai, respectively, T7: ground limestone at 200 kg/rai; T8: T2+T7; T9: T3+T7; T10:

T4+T7; T11: T6+T7; T12: T6+T7
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Table 5 Effect of the Interaction between tillage and soil amendments on water stable aggregate (WSA)
distribution in Yasothon soil series at 40-50 cm depth.

Water stable aggregate size (mm) distribution (%)

Treatment 8-2 2-1 1-0.5 0.5-0.25 0.25-0.1 <0.1
Soil depth: 40-50 cm
T1C 0.5j 1.29k 5.15n 16.69r 39.31h 0.5j
T2C 0.180 11.08b 12.82a 33.94a 34.34p 0.180
T3C 2.26¢c 3.15e 7.62e 19.81n 35.880 2.26¢
T4C 0.25n0 1.47i 6.86h 21.49g 39.04i 0.25n0
T5C 0.41k 1.33jk 7.22g 21.00i 45.12a 0.41k
T6C 0.80g 13.54a 5.82| 18.72p 40.44e 0.80g
T7C 0.28Imn 1.42ij 6.62i 20.78jk 42.51cd 0.28Imn
T8C 1.21e 2.6f 9.04c 25.18b 42.75b 1.21e
T9C 2.23c 3.10e 7.64e 20.76jk 42.51cd 2.23c
T10C 0.27mn 1.47i 6.86h 20.72k 42.44d 0.27mn
T11C 0.42k 1.39ijk 7.29fg 0.36t 1.47s 0.42k
T12C 0.75gh 13.6a 5.79I 20.85j 42.59c 0.75gh
T1D 0.37Kkl 1.38ijk 5.52m 19.540 40.33f 0.37kl
T2D 1.08f 1.96h 6.18k 18.45q 39.82g 1.08f
T3D 2.81b 4.68d 9.78b 23.91d 32.61q 2.81b
T4D 0.35kIm 0.88l 8.29d 24.96¢ 36.94k 0.35kIm
T5D 0.64i 0.61n 6.36j 20.21m 38.45j 0.64i
T6D 1.73d 1.37ijk 7.32f 21.34h 39.27h 1.73d
T7D 7.51a 5.54¢ 9.76b 22.88ef 36.71Im 7.51a
T8D 1.04f 2.249g 8.23d 20.55| 36.43n 1.04f
T9D 2.80b 4.67d 9.81b 22.93ef 36.71Im 2.80b
T10D 0.34kIm 0.841 8.29d 22.82f 36.63m 0.34kIm
T11D 0.69hi 0.66m 6.41j 7.57s 5.56r 0.69hi
T12D 1.68d 1.45i 7.32f 22.94e 36.77I 1.68d
F-test . . o o . .
CV (%) 3.51 1.61 0.59 0.31 0.17 3.51

** significantly different at 0.01 probability level; means with different lowercase letters within a column indicate a sig-
nificant difference according to Duncan’s multiple range test at p < 0.01.

C: conventional tillage, D: deep tillage, T1: no soil amendment application (control), T2, T3, T4: cassava starch waste at
500, 1000 and 2000 kg/rai, respectively; T5, T6: cassava peel at 500 and 1000 kg/rai, respectively, T7: ground limestone
at 200 kg/rai; T8: T2+T7; T9: T3+T7; T10: T4+T7; T11: T5+T7; T12: T6+T7
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Table 6 Effect of the interaction between tillage and soil amendments on bulk density and soil strength of

Yasothon soil series at 0-50 cm depth.

Bulk density (Mg/m®)

Strength (MPa)

Treatment Soil depth (cm) Soil depth (cm)
0-10 10-20 20-30 30-40 40-50 0-10 10-20 20-30 30-40 40-50
Tillage (T)
C 141b 1.40 b 147 b 1.53 b 1.62 1.00 2.00 2.00 2.00 2.00
D 147 a 147 a 1.55a 1.60 a 1.57 1.00 2.00 2.00 2.00 2.00
Soil conditioner (S)
T 1.42 1.44 1.59 1.66 1.59 1.00 1.80 1.90 1.90 1.90
T2 1.38 1.43 1.51 1.58 1.58 1.27 1.70 1.90 2.00 2.10
T3 1.44 1.42 1.48 1.59 1.53 0.90 1.50 1.80 1.60 1.50
T4 1.50 1.42 1.50 1.54 1.50 1.10 1.80 2.00 1.60 1.80
T5 1.47 1.45 1.52 1.67 1.64 1.70 1.90 2.00 2.00 1.80
T6 1.47 1.48 1.57 1.56 1.58 1.00 1.70 2.20 2.00 1.90
T7 1.46 1.47 1.50 1.53 1.60 1.30 2.10 2.00 1.90 1.70
T8 1.42 1.42 1.45 1.50 1.65 0.50 1.40 2.20 1.90 1.90
T9 1.40 1.42 1.49 1.54 1.63 1.10 1.40 1.70 2.10 1.80
T10 1.46 1.38 1.53 1.53 1.60 1.30 1.90 1.90 2.00 1.90
T11 1.41 1.43 1.49 1.55 1.64 1.10 1.70 2.00 2.20 1.70
T12 1.45 1.42 1.49 1.56 1.59 0.90 1.80 1.80 2.00 1.80
F-test T * > > * ns ns ns ns ns ns
S ns ns ns ns ns ns ns ns ns ns
xS ns ns ns ns ns ns ns ns ns ns
CV (%) 7.48 5.93 5.93 8.07 7.93 58.3 36.6 23.1 23.3 25.0

ns: non-significant; *, ** significantly different at 0.05 and 0.01 probability levels, respectively; means with different lower-
case letters within a column indicate a significant difference according to Duncan’s multiple range test at p < 0.05 and 0.01.
C: conventional tillage, D: deep tillage, T1: no soil amendment application (control), T2, T3, T4: cassava starch waste
at 500, 1000 and 2000 kg/rai, respectively; T5, T6: cassava peel at 500 and 1000 kg/rai, respectively, T7: ground
limestone at 200 kg/rai; T8: T2+T7; T9: T3+T7; T10: T4+T7; T11: T5+T7; T12: T6+T7
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Soil depth: 0-10 cm
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C: conventional tillage, D: deep tillage, T1: no soil amendment application (control), T2, T3, T4: cassava starch waste at 500, 1000 and 2000 kg/rai,

respectively; T5, T6: cassava peel at 500 and 1000 kg/rai, respectively, T7: ground limestone at 200 kg/rai; T8: T2+T7; T9: T3+T7; T10: T4+T7; T11:

T5+T7; T12: T6+T7

Different lowercase letters on bars for different treatments are significantly different (p < 0.05).

Figure 2 Effect of the nteraction between tillage and soil amendments on available water capacity of Yasothon

soil at 0-50 cm depth.
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