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ABSTRACT
The objective of this study was to investigate changes in soil physical properties of soil and water
conservation measures in landslide-damaged areas. Soil and water conservation measures were designed
by integrating the vetiver system (VS) together with native tree species and economically important fruit
tree. The designed soil and water conservation measures are as follows: 1) VA measure: Vetiver cultivation
intercropped with Afzelia xylocarpa, durian (Durio zibethinus), Pisang Awak (Musa, ABB genome group), and

sword bean, and 2) VX measure: Vetiver cultivation integrated with Xylia xylocarpa, durian, Pisang Awak,
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and sword bean. Changes in soil physical properties of the designed measures were compared to ecological
restoration with the natural succession (CT). There was no statistically significant difference among soil and
water conservation measures and ecological restoration with natural succession (CT) with respect to the
changes in soil physical properties. However, the VA measure showed positive trend of changing in physical
soil properties. However sprinkler Irrigation, intensity and duration of rainfall can be significant variables
affecting changes in soil physical properties during the study. Moreover, monitoring of long-term changes in
soil properties and selecting other suitable soil properties can obtain more accurate and reliable information
for observing the influence of soil and water conservation measures on ecological restoration of the

landslide-damaged areas.
Keywords: Soil and water conservation, landslide, vetiver, soil physical properties
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Figure 1 Layout of the positions of vetiver and selected plants in the study plot

Table 1 Diameter at breast height, diameter at the base of seedling, and tree height of the studied plants
collected on 5 January 2017

Plant characteristics

Plant species do/d.b.h. (cm) Height (cm)

Mean  Min. Max. SD  Skewness Mean Min. Max. SD Skewness

Afzelia xylocarpa* 288 210 350 047 -0.59 1876 784 300.0 62.64 -0.08
Xylia xylocarpa* 284 219 318 0.56 -1.72 1747 1450 200.0 27.75 -0.69
Durio zibethinus* 251 248 256 0.05 0.01 151.4 1350 168.0 23.33 0.01
Musa ABB Group** 12.08 6.84 1839 3.27 035 2422 1440 4010 64.19 0.72
B. papyrifera* 486 381 776 114 2.10 500.1 320.0 650.0 105.30 0.14
M. gigantea* 226 168 283 081 0.01 3220 1940 450.0 181.02 0.00

Note : *d0: Stem diameter at the base of seedling; **d.b.h.: Stem diameter at 1.3-m height;
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Table 2 Comparison of soil physical properties between sampling times

1%t Sampling time 2" Sampling time Mean change
Soil properties Measures
Mean Std. D Mean Std. D
Bulk density (g/cm?) cT 1.47 +0.07 1.48 +0.07 0.01
VA 1.39 +0.16 1.53 +0.16 0.14
VX 1.44 +0.04 1.48 +0.04 0.06
Particle density (g/cm?®) T 2.76 +0.02 2.52 +0.06 -0.24
VA" 2.75 +0.03 2.54 +0.05 -0.21
VX" 2.76 +0.02 254 +0.05 -0.22
Porosity (%) cT 46.7 +2.27 42.17 +5.02 -4.54
VA 49.48 +5.97 39.85 +1.44 -9.62
VX 4791 +1.71 4191 +3.70 -5.99
Solid volume (%) cT 45.80 +3.21 53.37 +4.83 7.58
VA 41.45 +7.41 55.65 +1.25 14.20
VX 39.51 +1.47 53.15 +3.54 13.64
Water volume (%) cT 24.73 +1.00 27.44 +4.66 2.71
VA 29.84 +0.72 33.40 +3.55 3.56
VX 32.08 +2.22 30.34 +1.25 -1.74
Air volume (%) cT 29.47 +2.24 19.18 +2.73 -10.29
VA" 28.71 +8.04 10.96 +4.68 17.76
VX 28.41 +3.42 16.52 +2.71 -11.90
Soil void ratio (e) cT 1.19 +0.16 0.88 +0.18 -0.31
VA 1.46 +0.42 0.80 +0.04 -0.66
e 1.53 +0.09 0.89 +0.13 -0.65
Infiltration rate (cm/hr) cT 0.67 +0.11 0.60 +0.17 -0.07
VA 0.45 +0.28 0.51 +0.27 0.06
VX 0.36 +0.09 0.55 +0.11 0.20

Note : "Statistically significant difference between sampling times, 1* and 2" sampling times were done on 11 February 2017

and 27 October 2017, respectively

Table 3 Mean change values of soil physical properties and soil loss between sampling times

Infiltration
BD PD Porosity Soil loss
Measures V (%) V,, (%) V, (%) e rate
(¢/cm?) | (g/cm?) (%) (ton/rai)
(cm/hr)

cT 0.01ns | -0.24ns -4.54ns 7.58ns 2.71ns | -10.29ns | -0.31ns -0.07ns 11.61ns
VA 0.14ns | -0.21ns -9.62ns | 14.20ns 3.56ns | -17.76ns | -0.66ns 0.06ns 9.46ns
VX 0.06ns | -0.22ns -5.99ns | 13.64ns -1.74ns | -11.90ns | -0.65ns 0.20ns 14.19ns

Note : ns indicates no statistically significant differences among measures (Duncan’s test, p<0.05); Soil sampling times were

done on 11 February 2017 and 27 October 2017
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