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athered rock isting of a mixture of rock. nutrients, living

Abstract—The quality and efficiency of the 3-dim
contour map of the Mahat watershed are very useful in helping
to analyze the distribution of the ideal soil compesition (Vw, Vg,
Vs). Furthermere, the distribution of soil characteristics is

organisms, organic mattcr. water and air [2].
lnﬁ;-' itural prodoction on tropical soils, in principle, it is
to pay aitention to nutrient management in

te help grate and

order to ize the produ of crops cultivated by
d for f Therefore, it i datory to und d some of the
that meed to be

important role in supplying 80% of the world’s d
catechins. It has been proven that the Surfer tool is able to create

3D maps of the contours of the Mahat watershed and 3D maps of
the ideal soil composition afler being compared with the realities
in the field where there has been a significant incresse in
efficiency in dsta analysis, saving time, effort and cost in
mapping for researchers and practitioners. It was found that the
soil composition close to ideal for the % water volume (Vw) was
th-ﬂrm(numm-usomumm

basic principles of tropical soil Matt
discussed are soil composition, soil mincrals, soil organic
water, soil air, soil profile. While the factors

matter, ground

that influence soil characteristics arc the process of soil
fe jon. soil ¢, soil structure and soil mmeralogy. Now,
this paper f on dx ing soil position as soil
physical propertics [2.3]

Dx the soil nutrient management, there is an

forest (at altitude 400 - 1600 m asl). The % gas or air
(Vg)hG-ﬂrﬁr-h.,mixedprdﬂ.lndforularemdm
umuﬂmhr%mluvdmﬂs)nbﬁmnd
muu—nuumﬂmmumm-lmn.&sm
and forests. The Sawah in the valley on the flat topography has
mmnl-chlndﬁehwstvalueVg.Noldmlsoﬂ
composition was found for Vw, Vg, and Vs owned by one land
use in the Mahat watershed.
Aey ds- 73 g gambir farming, nutrient,
sustainable, 3D map
1 INTRODUCTION
mwmushedibmdiumch-opia,hdmesia.
u&uh-mﬂm@mmwﬁmﬂtcmisl}ﬂly
Mhﬂﬁepom-ﬁd(oaodeﬂmfaﬁkhym of the soil It
- . agricultural jon center (Uncaria Gambir.
c cer to meet 80% of the world's nceds
natural resource which affects the
various ways as it is a component

important role of Soil Composition (Vs, Vw, Vg).The role of
Vs (soil minerals and organic matter volume) to store and hold
soil nutrients. The role of Vi (soil volume water) to dissolve
and provide soil nutricnts for absorption by plants. The role of
Vg (soil, air or gas in the soil volume) is mo less important
because it provides air for microorganism in the soil to carry
out its biclogical processes in order to be able to release soil
nmﬁmmdmltformlnimfamwhichmbe
absorbed by plants through root hairs [2.3].

The basic components of the ideal soil composition are the
water phase, the gas phase and the solid phase (mincrals and
organic matter).The p tage ideal soil position 1
of the solid phase, namely 45% minerals, 5% organic matter,
the liquid phase, which is 20-30% is water. !hc gas phase is 20-
30% is air in volume percent unils. This percentage is &
gencralization and it is very difficult to find this condition in
the field. Duc to the fact that soil is very complex and dynamic.
The ideal soil composition can fluctuate every day. As for the
influencing factors. namely the supply of rainwater or surface
water, cultivation practices, topography and‘or soil types [4].

hich b or i ierehlisar
in the soil where generally the
, if the organic matter
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18 not managed properly, it may run out of the soil. The liquid
phase and soil gas, namely water and air, arc the most dynamic

ies of soil. The amount of the relative percentage of
water {Vw) and air (Vg) in the soil oftca changes because the
soil drics out or becomes muddy [2,4] The size, shape, and
clumpmg of soil particles determine the percentage volume of
the soil composition, ¢specially the volume of air and water in
the soil. For example, soil that has a larger volume of pore
space tends 1o contamn more air and is more permeable to pass
water, which can affeot the types of crops a farmer can grow.
In general, soil quality has different properties which determine
the land suitability for a particular crop [3,6].

Mapping the distribution of soil composition from many
sample points collected will make it casier to understand to
help researchers and policy makers [1]. In research that aims to
quantitatively evaluate the spatial characteristics of a
watershed, then Contour maps are the most important tool for
scientists or practitioners who must exist.It is useful for
researchers and practiti to morc casily understand the
characteristics of the spatial variation of the watershed object
vnder study [7). Fields of science which include hydrology,
meleorology, geography [8], geology, environment, soil
science are the most widely used contour maps [1,3]. The
process of making maps requires a lot of time, costs and high
labor. Therefi hers make savings and efficiency by
using mapping software, namely the Surfer Tool [1.3]
Rescarchers and practitioners have been using the Surfer Tool
a lot in the past decade becausedisplays a three-dimensional
(3D) visual contour map. Also, it's casy and fast to use.

To obtain a more accurate determination analysis, data
processing and interpretation in watershed management, the
Surfer Tool spplication is used. The quality and efficiency of
the 3-dimensional contour map of the Mahat watershed is very
useful in helping to analyze the distribation of the ideal soil
composition (Vw, Vg, Vs).This rescarch is useful to provide
basic data to assist integrated Gambir plntation management.
Help define specific arcas for which appropriate conservation
measpres are provided At present, it is seen that in the
downstream area there have been frequent flooding because the
upstream arca in the Mahat watershed on the slope has changed
its function to become gambier and therehas been a conflict of
interest in one land and rescarch is tryingto find a solution.

Therefore, a faster technology is needed to describe maps
that have integrated and well-connected functions, so the Surfer
Tool is used because it has scientific, engineering advances, is
more visual and fast data processing [8]. Because the
composition of the soil, which consists of a percentage of solid.
water and air are important aspects of nuticnt management and
watershed sustainability. In addition, thire is no detailed soil
composition reported for the Mahat watershed. The hypothesis
is that the distribution of soil postion in Das Mahat is
influenced by land use and topography inDas Mahat. Based on
this background, the Mahat watershed cae study aims to make
the distribution and charscteristios of the soil composition
Associated with land usc and 3D visil contours to assist
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II. MATERIAL AND METHODS

A. Study Site

The arca owned by the Mahat watershed is 20068.38 ha. Its
adm nistrative arca is m the District of Limapuluh Kota, West
Sumatra (Latitude00° 02'42 "- 0°09'98" S, longitude 100° 402
"'~ 100° 55 "E), has an altitude range of 100 m to 1700 m above
sea level (m ASL) (Figure 1) The aversge annual rainfall
ranges from 1859 mm lo 3096 mm with an average annual
rainfall of 2936 mm with an average number of rainy days 187
days / year. There arc 3 Subdas, namely (g1) Nenan, (22) Koto
high, (g3) Avr Dun (Figure 1). Ultisols and Inceptisols were
found in the Mahat watershed.
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Fig. 1 Distribution of 66 soil sample points and contour map of the Mahat
watershed

The land use pattern in the Mahat watershed has namely
Gambir farm. prmary forest, Mixed garden refers to the land
where snnual crops, mostly trees such as coconut, cloves,
coffee, rubber, cinnamon, cocos arc planted in combination
with annusl crops. Sawab, and scttlement arcas (Fig 2). The
term sawah refers to the rice growing om leveled land and
bounded by bonds with water inlets and outlets for irmgation
ad drainage [1,3.9]. The Gambier garden bas been cultivated
ﬁrgena:ﬁommdislﬂachedmﬂleloulounmunilyin the

Mahat watershed

B. Fields Survex and Analytical Methods

The 68 locstions of soil samples were taken based on
various land usss and topographic positions in the watershed
(Figure 1). Soil samples were taken with ring samples to
malyze the ideal soil composition and brought to the
Iboratory. The % sobd volume (Vs), The % water volume
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To makc a 3-dimensional map of the Mahat hed

hed, which is 1 by Gambir farming, mixed garden
and forest, except in the middle, which is covered with rice
fields and the castern side of the watershed is overgrown with
forest (Figure &),
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Fig. 7 Distribution of sail cowmposition of% ges or aiv volume Vg
om-hmdnmnl-dlmmﬂnq:efﬂn Mahat watershed.

Figure 7 shows that Vg is close to ideal conditions (20-30%
by volume) [10] found mostly in the midde of the watershed
and slightly scattered on the West, east, south and north of the
Mahat watershed The controlling factors for i ideal soil

15015 i and elevation points are wred. It 35

hmhipmudwd-hﬁvg:n cEn e

oﬂ\fuhlndloulcsld’u-foohocmaﬂue}\hp.hm

mnhngab-emq:takualongﬁme. Meanwhile, the work to

make a 3D distribution of soil water content (Qv) tock 100
d and eati

composition are topography, soil. water supply [2,8]. Generally
overgrown by forests, Gambier farming and mixed gardens
(Figure 8).

Figure 8 combined with Figures 5.6,7 found that the
Juantitative ideal soil composition is gencrally infl 1 by
Ia:_n‘l_ use and topography in the Mahat watershed  The

ds. To valida d data on a map it
l*ﬂ30mmuluDimimjm.ofSoilf‘ positi bined
With topography of Mahat Watershed.

o i

St ot Manat
AT N
. - - - £ ~

Fig 6 murnimnmom%wuvdume V)
‘ocmibined with topography of Mahat watershed.

tilhgeisenﬁodomhyfannus in the land use of
Gambir farming and mixed garden and natural conditions in

Y while ining local
wisdom (found at an altitude of 200 - 350 m ASL) indirectly
play a role in minimizing tillage in cultivation which keeps the
ideal soil composition unchanged.

LAND USE N
MANAT WATERSHRO

ATLANTIS
PRESS

The facts obtained from this rescarch arc that the 3D map
of the distribution of soil composition combined with the
topographic map of the Mahat Manpu watershed was made by
the Surfer Tool. Topographic 3D visual maps are made from
contour maps from digitizing Google earth maps and TCX
converter as froe software. The results of this study have been
able to significantly save energy, time and moncy. The 6 maps
from this study can be made in 1 hour. At the beginning of the
Job was difficult. However, continue to practice will be more
using the Surfer 100l.

C. Validation Resuit

We calculated the mean values of ME. MAE and RMSEs
from 71 validation data sets as shown in Table 2. The ME of
Vw, Vs and Vg ranged from 0.413 to 1. 022, These values are
all close to O for all cases, which indicates that they are all
valid in the interpolation of the values of Vw, Vs and Ve of the
soil.

TABLE IL THE MEANS OF ME, MAE AND RMES AND R2 AND MODEL
LINEAR OF 71 VALDATION SETS BASED MEASURED AND ESTIMATED VALUE

FOR %YW, %VU AND %% Vs
C ke Soll Compaosition
w1 %Wae | %Soid | i
voliume vodime volume
(% V3 (%9 oy
_ME 1022 o413 o4
MAE 2 1818 2563
RMES 4302 2388 3759
R2 0837 0744 0859
¥* 06268 y=05319x | v = 0.6878x
ModlLinear |2 11055 31651 | 93657 ﬁ]

¥ wstimated valu, xemesured value.

The Interpolation method in the Surfer tool using Kriging's
Gridding has a MAE value (1 818-2.999). Likewise, the RMSE
values ranged from (2,388-4,302). The MAE and RMSE values
are relatively small compared to the Average Vw, Vs and Vg
values (29-37), which means that the map produced by the
Kriging method in the Surfer Tool is valid and has good
performance in predicting soil Vw, Vs and Vg in the Mahat
watershed. This is reinforced by the linear model with o value
of R2 (0.744-0.859) which means the level of truth is close to
74% -86%%.

IV. ConcLusion

Advances in Engineering Research, vohane 208

with their local wisdom, were correct in placing their position
in planting Gambir. sawah and forests.It was found that
theGambir farming (found «t altitude 250 - 1150 m ASL) and
mixed garden (found at altitode 250 - 1150 m ASL) and natural
conditions in the forest (found at altitude 400 - 1600 m asl)
which influences the finding of ideal compositions for the %
water (Vw) and the % gaseous or air (Vg), found on sloped
topography at alttudes. Sswah (found at an altitude of 200 -
450 m ASL) have the % water (Vw) which is 1.5 times more
than the ideal soil composition. No ideal soil composition was
found for Vw, Vg and Vs owned by onc land use i the Mahat
watershed.
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