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Evaluation of soil moisture sensor for water management of crop plantations
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Abstract

The development of precision agriculture technology for agriculture management has
become necessary in farm improvement that leads to the sustainability of land use in agriculture
particularly involving water management and soil fertility. This project on the evaluation of the
efficiency of the sensor in measuring soil moisture for water management in crop planting, was
aimed to study the relationship between soil moisture measured by the sensor and soil moisture
measured by standard method, including the study of some soil properties and also to evaluate
the efficiency and precision of soil moisture sensor and its use on crops using different kinds of
water application particularly to rice together with the study of the design in order to develop
better water management for crop cultivation, which was conducted in 3 experiments, as follow:

Experiment 1. Study on the equational comparison of the soil moisture sensor with
various methods of soil moisture evaluation of different types of soils, as conducted in the
laboratory by using 3 methods (1) soil moisture determination by weight; (2) soil moisture
measurement by volume using the soil moisture sensor (SM150 Soil Moisture Kit); and, (3) soil

moisture calculation by using soil moisture sensor; and analysis using linear regression, for



application to equational evaluation. Results of the study showed that a Calibrating equation
could be generated for comparison of various types of soils in 12 equations as divided into
comparison of values calculated by the sensor as soil moisture by weight and by volume with the
explanation of the relation from the equation in comparison with the experimental results. It was
found that when soil moisture by weight and by volume was increased, the value of the
relationship with the soil moisture as measured through sensor decreased by considering the
value of the slope of the calibrating equation. As for the result of using the value from the
calibrating equation as shown by the regression coefficient (R*) and probability (P) in which the
two values were different based on soil type. It can be seen that R’ that resulted from the soil
moisture that was actually measured (measured) and the value from the Calibrating equation or
the predicted value from the calibrating equation (predicted) of the amount of soil moisture from
Sansai and Hangdong districts, soils planted to rice, field crops, top of slope and toe of slope,
were equivalent to 0.6294, 0.7111, 0.6172, 0.3063, 0.6172 and 0.4567, respectively. For RZ, the
value from calibrating equation or predicted value from calibrating equation of the amount of soil
moisture using weight of soil from Sansai, Hangdong, soil planted to rice field soil, top of slope
soil and toe of slope soil, respectively, at 0.4963, 0.8529 and 0.9944, respectively. It can be seen
that R” value of soil moisture based on volume actually measured with predicted value from
calibrating equation with soil moisture volume having R’ much higher than comparative equation
moisture by weight.

Experiment 2. Evaluation of site use in soil moisture measurement by sensor in areas
planted to longan and paddy rice at the farmers' level. From this study, a linear equation was
created for comparison and by soil planted to rice and soil planted to longan. It was found that
when soil moisture by weight was increased, the relationship of soil moisture measured by sensor
was found to decrease as considered from the value of the slope of the calibrating equation. On
the evaluation using mathematical equation used as calibrating equation in order to evaluate soil
moisture by weight and by volume, the result of using the Calibrating equation from the soil
moisture sensor as the amount of soil moisture by weight, showed that the value of R’ calculated
from the soil moisture actually measured (measured) and the value from the calibrating equation
or the predicted value from the Calibrating equation (predicted) of the soil planted to rice from

Sarapee, Phrao and Doisaket districts hah values of 0.7230, 0.7251 and 0.5299, respectively. For



soils planted with rice, R’ value was 0.4963, 0.8529 and 0.9944, respectively. For RMSE value
that indicated the precise Calibrating equation, it could be seen that the Calibrating equation from
the soil planted with longan from the soil planted with Phrao had the highest precise value. This
was followed by the soil from Doisaket and Sarapee, respectively. As for RMSE value, or second
root value of the average deviation of the soil planted with longan in Sarapee, Phrao and Doisaket
districts, had values at 4.42, 2.66 and 3.61, respectively. If RMSE value got nearer 0 which meant
that the value became more precise, it could be seen that Calibrating equation from soil planted
with longan from Phrao district, was the mostprecise, followed by soil in Doisaket and Sarapee
districts.

Experiment 3 .Results of using the sensor to measure soil moisture on an alternate wet-
dry water management of planting various rice varieties on 2 types of soil intended for growth
and nutrient minerals for rice in an experimental design of Factorial in Randomized Complete
Block Design (RCBD) with 3 replications, had factors consisting of (1) 2 types of soil
(Hangdong, Hd and Sansai, Ss); (2) 2 rice varieties (Pratumthani 1 and Dokmalee 105; (3)
moisture levels consisting of W1 (water logging at all times) and W1 and W2 (water was initially
applied to 5 cm level, then allowed the decrease through evaporation and rice plant use, being an
advantage to allow soil moisture to decrease per time with a follow up to the decreased soil
moisture from the resulting value set up by calibrating equation which was soil moisture used as
(Hd=1200-1345 mV, Ss 1200-1500 mV) and (Hd< 1500 mV,Ss < 2000), respectively, gave the
highest point of the sensor to apply water to rice again. Results of the study showed that the
evaluation of the soil moisture sensor in an experimental condition included data resulting from
the sensor, was able to show the complete test cycle completely in the experimental pot data
downloaded and the data showed as results from the sensor involved less problem or no problem
at all, especially when comparing the set up of the sensor in the farm plots, with data resulting or
received was quite less variant. Aside from this, designing of the use of soil moisture sensor for
farm plots must involve soil and crop properties such as site conditioms, type of soil, crop water
requirement, form of water application including crop varieties. Here, the need for the minerals
by the crops was also used as an element in considering the use of the sensor to evaluate soil
moisture. In this study, the designing of water application for rice production as in alternate wet-

dry water management, might include the consideration of the types of soil particularly the



characteristics of soil content including the need to calibrate in order to produce a Calibrating
equation and the need to have the utmost care in setting up the sensor in order to store the use by
farmers.

Key words: Soil Moitum, Sensor, Calibrating equation, water management
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2. INHATATINANUUNUEIG (Precision  Farming) 1l uneunuuinluilszme

anigewam uazeemasi@e nazisuunsnated il lunatedszama siag Tsal galu udnseds
4 ' = 3 0 Ao A s a 1
dszmenioutiuanas 1061 vaiFe nlin1I13ten1euil vie lnason lUdniia adia
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anuaulyluGestivunnau mnzautidlugiuvounyasnssy luneilu win Tne a1n
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AuWaN uazideauy (F310e3a, 2550) Precision Farming 14313 HeNu0azAINNUHIBA1
o Y 1A do = y A 1 (Y = o @ 1 -
au'l) wiuerendigniSenldnare¥e awuavziiu maTuladudanaa vy 1954 Precision
Farming (M543 0@20a2703161g4) Information-Intensive Agriculture (InHATNITUATT
14 e 150mA) Prescription Farming (M3vW15uuviigas). Target Farming (M35 ui
] 2 - o A§J A @
sjafh) Variable Rate Technology-VRT (maTulaBvanisiuiilasalSuauanumnizem)
dmiuTasansIsendaiiias 14 Site Specific Crop Management (M139AN1THARAALILITL)
P ' o ) i
WuN) n50 Variable Rate Management (n131#ijonaziiuazdanmsiiuilagtsuauniy
) ¥ : o o Y = a ' F O

IMU1Z@Y) IOFarming by Soil (M3v5y Tasniuguaninvesauluunaznungoy)

o &
(F310830, 2550)
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Soil moisture sensor brand by MTEC Base station unit

P @ & a < a 1 Agy @ A =)
M 6 MsdannuauluduTaamumo aunmas s Idezgniiuin 13Tunie unuvoya

{ L. = =1 - a
NiFoNABNUITUUDUMBS IR (MI: ANBA1 ,2559)

s

:;, % T ¥ J = :; o a VoA ) @ =8
M3NN 6 dI8MANNFUIuAUNIa Tasrumasaunains i lavzgmiuinlusiues

¥

iy iy BEC
Tldenaa (Excel) Tluwnsaunudoyaiirouaenudumosiiia

F o
date time IHUIEDT (mV)

A B C D B F G H

19/6/2016 | 0:00:01 | 1668 15710y | IS5 1561 | 1793 | 1704 | 1388 1984

19/6/2016 | 0:10:01 | 1666 1568 | 1782 1548 | 1794 | 1703 | 1389 1984

19/6/2016 | 0:20:02 | 1664 1571 1773 1542 | 1795 | 1701 1390 1986

19/6/2016 | 0:30:00 | 1663 1571 | 1771 1533 [ 1792 | 1700 | 1390 1989
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19/6/2016 | 0:40:01 | 1663 1569 | 1762 1528 | 1795 | 1703 | 1392 1990
19/6/2016 | 0:50:02 | 1662 1570 | 1758 1524 | 1796 | 1705 | 1391 1987
19/6/2016 | 1:00:01 | 1659 1573 | 1756 1520 | 1795 | 1705 | 1390 1989
19/6/2016 | 1:10:02 | 1659 1576 | 1756 1517 | 1796 | 1706 | 1391 1992
19/6/2016 | 1:20:00 | 1657 1578 | 1753 1517 | 1788 | 1701 | 1386 1983
19/6/2016 | 1:30:02 | 1655 1582 | 1749 1510+ | 1793 [ 1702 | 1389 1987
19/6/2016 | 1:40:00 | 1645 1571 | 1747 1508 (1795 | 1701 | 1391 1986
19/6/2016 | 1:50:00 | 1645 1574 | 1747 1510 | 1795 | 1707 | 1388 1985
19/6/2016 | 2:00:00 | 1644 1577 | 1751 1508 | 1792 | 1703 | 1385 1985
19/6/2016 | 2:10:02 | 1644 1582 | 1749 1509 , (1795 [x1701 “|§1391 1998
19/6/2016 | 2:20:02 | 1645 1582 | 1751 1512 | 1792 | 1702 | 1390 1995
19/6/2016 | 2:30:00 | 1645 1584 | 1748 1540 [ 17924 111701, 4| 1387 1992
19/6/2016 | 2:40:01 | 1646 1583 | 1753 1512 | 1794 | 1707 | 1390 1997
19/6/2016 | 2:50:01 | 1647 1585 | 1755 1513 | 1789 | 1715 | 1389 1995
19/6/2016 | 3:00:02 | 1648 1586 | 1756 1513 |-1792%=) 1729+ | 1388 2000
19/6/2016 | 3:10:00 | 1646 1588 | 1752 1514 | 1792 | 1737 | 1386 1999
19/6/2016 | 3:20:01 | 1647 1589 | 1755 1515 | 1794 | 1742 | 1390 2001
19/6/2016 | 3:30:02 | 1648 1590 | 1754 1517 | 1790 | 1747 | 1386 2001
19/6/2016 | 3:40:01 | 1645 15933 1N L7558 1517 | 1792 | 1747 | 1389 2003

) [ o A Z : ' & a
- gumsiduassd vl Suifiou (Calibrating) Annuyu luau Tasldaunsna

= 4 -vg =2 L]
adinansivenFinannuruluaulugduuua 9
o [ . ¥ 2{
M5UTua Voltage Nou ldnnmsuaes ludluaanuaulasSuaswio lay
e "
mineilsziivnnaumsi ldaumaduas e
A v
y=m*x-b, LUD m = slope VDIANUNITLTUANTY
& 3 o ' a 4
ANuru Tasimin (US1as)= m* (A1 mv 101w ldonaumes)-biiie mv -

milivoltage
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Relation between volumetric water and Volatge by

sensor
3000
) ;
£ 2500 "“””v-u.:‘-a { @
g 2000 . §e A ‘aﬁ
§ oo T @ g®
£ 1500 -y =.41.8x+ 2876.2 0
E 1000 Rz=0.5955 & ®
4 SE=1.54
..g 500
>
0 5 10 15 20 25 30 35
Volumetric soil moisture (%)
Relation between gravimetric water and Volatge by sensor
3000 N LN
2500 | 8o o L ™
: @ ‘ ..... .
Q000 a3
‘E. { " ..... ._‘. ’ .
8500 ¢ : &9
o ; y =-67.565x +2955.5 '
@ oo R%=0.5894 % - :
e ; SE=1.00
‘__,500 ; ...~
g i
4] 5 10 i5 20 25

Gravimetric water (%)

4 a/ 1 ] o j‘
MR 7 ﬂ?ﬂf.ﬂ\iﬂ'liﬁ%\iﬁﬂﬂﬁﬂﬂﬂﬂ!@lﬁ‘lﬁﬂ% (model) 1uﬂ13ﬂiﬂlﬁﬂﬂ1ﬂﬂﬂ'ﬂh“ﬁuiﬂﬂ

S:: o o o/ = lg tﬁ' =
minuag lasiSinasdmsuauiionenu (Run: fNTA1, 2559)

. A =%
3. Smanhniesdlse Teni ldvosyaauniag lulszmsng
H d‘ %‘ A ’u” A
vinmsanfSuanih iy $lse Tenlladunle fidudvenihdetimindu voaya
Auae Tuddszmalne sou 92 yadu NszduANuAn 0-10 10-30 30-60 uaz 60-120
= o g o ds' 30‘ { &J = 1
iwuAmas Tagorendminusiasiine Wsunanhiiy1dlse Tenild doanuauludusian
A 4 A A - A 4 i o
ANUFUNAMIIAUIDIRNVFUTAATIDNITUAZANNFURA LA 1 F UL
o A A ¥ da o YA w a A 4 A
Ao AnuruvIothnauawsagasy 13 1afndsau -33a Tawrania uazanuduigaiiion
& T Ao o A o a
2173 An ANuFunIehnauTunsogadu 13 1dindeau -1500 Alawana (audes uaz

AMY, 2559)
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1 &‘ L] 1
1INTIBNUINNITNARDIVBITUNT (2535) WUNANUFUAMUAU I IUInajfD
g 'ﬂfa o @ = =
anuyunaugasy 1 3diewaan -5 fa-10 Alawiama wse-10 09-20 nlawiaaia

u

(au1los uazamy, 2559)
= [ 1 Y a Ao fg - o = = o =
Tagmwmzauluaiouedialszma lne snuduiiidiodwiludumiliodda ¥
Gardner and Widsoe (1921) 819aw arutos uavamz (2559) laagd1imhnsuiludens
a A 1 ¥ &2 A ~ ° =
Wiy Tavoansy laumdsduainsogataliTaghiienir 1y 195 Tosnd 18 U5
j ) H 1 1 = | d‘ rd‘
ANVFUAUNANUIIUIN BYITHTINTIA9A -10 Ba -33 ATawana uazigaiitenn ogi -
= o ¢ ea g gl
1500 flawiaaia dsdumsaneiasaileziunmsmilSatihndiyldlse Tonild an
‘3’ a d.c\; k3 = o Ag
ANUFUANUITUIM -10 A Tavnan1a (AT 1) udafSeuiieununsmionanusuanug
@ -33 A lawania (saiit 2) wamsAnunSunanhidslslse Tenildvesyaduais o
Tutlsemelng Tov lddnmanvasnaldvesgaauiidnu (avaziBeaninaisamanuanii
y 4 ; . y
1 dautimanihndsldlse TonildnamsAnyuiseandlunindiesg muruvuiaoynia
AU NQUYAAY uazyaal (il nazame, 2559)
4 @ 9 ! ﬁ' = %’ %} o d‘ 4
M3 7 anuduiutsznnuileaunazFuinah (asimin) Ay 195 Toniidde

j ! o =
ANUFUANUYAUIY TAINAIIU -10 1z -33 A lamama

Hoau AWCI Ay | AWC2 mag
(% by wt) (% by wt)

AUNTI (Sand : S) 1.77-10.71 | 438 | 1.06-5.23 235

AUNT1BYUANIIY (Loamy sand : LS) 6.29-13.85 | 924 |334-1239 |6.03

Aus1uuNT1® (Sand loam : SL) 8.42-22.18 | 1475 |5.87-17.78 | 11.83

AuTIUmM eI uns e (Sand clay loam :SCL) | 15.45-26.01 | 1897 | 13.12-20.13 | 15.86

AU UNI18 (Sand clay : SC) 17.51-21.12 | 20.56 |15.23-18.71 | 17.34
AU (Loam : L) 19.06-26.48 | 23.69 | 18.25-22.05 | 20.27
Ausauudumile (Clay loam : CL) 18.22-25.29 |22.82 | 15.07-21.15 | 18.29
Auirutlunsrondls (Silt loam : SiL) 23.68-29.42 | 27.05 | 21.65-23.63 | 22.26

a 1

ﬂuﬂumﬁﬂaﬂummuﬂa(Siltloam:SiCL) 20.96-27.63 24.1 16.46-22.89 | 20.34

Aumilsnlunsroudls (Silt clay : Sic) 18.86-25.03 | 22.95 | 16.29-21.44 | 20.23

A tion (Clay :C) 16.18-33.97 | 2291 |12.93-22.82 | 18.79

WUBING - -AWC (Available Water Capacity) Ao 15uanimne1dilse Tawila
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Variable Equation R21Ise Eq.
0 .. 0 1i00= 0 150t (0.14x 0 | ~0.02) 0.86/0.02 1
0 |y = -0.024s + 0.487C + 0.0060M
+0.005(S x OM) - 0.013(C x OM)
+0.068(S x C) + 0.013(C x OM)
Bl 0.,,=0,-11.2830,,)-0374(0,,)-0.015] | 0.63/0.05 2
0 ., =-0.2158+0.195C + 0.0110M
+0.006(S x OM) - 0.027(C x OM)
+0.452(S x C) + 0.299
% 0 =0 ot (063600 . —0.107) 0.36/0.06 3
0 11, = 0.278S +0.034C + 0.0220M
- 0.018(S x OM) - 0.027(C x OM)
- 0.584(S x C) - 0.078
v, Vo= W +(0.02y°, ~0.113 Y _—0.70) 0.78/2.9 4
Y =-21.67S - 27.93C - 81.9706 _,,
+71.12(Sx 0 ) +829(Cx 0 )
+14.05(S x C) + 27.16
i =0,+0 . -0097S+0.043 0.29/0.04 5
Pisg p.=(1-0)2.65 6
Density Effects
P pF P pr=PNxDF 4
Y s-pF O <pF=1-(PDF 12.65) 8
9 33pF 933pF=033-02(95- 95DF) 9
9 (s33)DF 8 (s33)DF = 8 s-DF - 9 33DF 10
Moisture-Tension
Vo vo=A(0)" 1
Vi, Y o0=33.0-[(0 -6 ,)33.0-y )0 -6 12
9 (¥ o) 0-=0 ¢ 13
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Variable Equation R2Ise Eq.

A A = exp(in33 + Bln0 ) 14

B B = [In(1500) - In(33)/[In(0 ;) ~ (B )] 15

Moisture-

Conductivity

K, K= 19300 )"A’ 16

Ko Ko=K(0/8 ) “x 17

A A =1B 18

Gravel Effect

R, R =(O R)/[1-R (1 - )] 19

E% P o= P (1-Rv) + (R, x 2.65) 20

PAW, PAW,=PAW(I - R) 21

K,/K, KK 1-R, 2
| [1-r (1-3a/2)

L7 W, =36EC 23

qJon 24

| 0
W = ?(36}5)(3)

117 : Saxton and Rawls (2006)
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Symbol Definitions

A, B Coefficients of moisture-tension, Eq. [1]

& Clay, %w

DF Density adjustment Factor (0.9-1.3)

EC Electrical conductance of a saturated soil extract,
dSm’ (dS/m = mili-mho cm )

EE Field Capacity moisture (33 kPa), %v

OM Organic Matter, %w

PAW Plant Avail. Moisture (33-1500 kPa, matric soil), %v

PAW, Plant Avail. Moisture (33-1500 kPa, bulk soil), %v

S Sand, %w

SAT Saturation moisture (0 kPa), %v

WP Wilting point moisture (1500 kPa), %v

0y Moisture at tension y %v

B g 1500 kPa moisture, first solution, %v

0 0 1500 kPa moisture, %v

0 - 33 kPa moisture, first solution, %v

0 o 33 kPa moisture, normal density, %v

0 T 33 kPa moisture, adjusted density, %v

0 i SAT 33 kPa moisture, first solution, %v

- SAT 33 kPa moisture, normal density, %v

0 e SAT 33 kPa moisture, adjusted density, %av

0 . Saturated moisture ( 0 kPa), normal density, %v

0 JBF Saturated moisture (0 kPa), adjusted density, %v

¥, Tension at moisture 0 , kPa

Weor Tension at air entry, first solution, Kpa

W, Tension at air entry, (bubbling pressure, Kpa

K Saturated conductivity (matric soil), mm h'
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Symbol Definitions

K, Saturated conductivity (bulk soil), mm h”

Ko Unsaturated conductivity at moisture 8 , mm h’
Py o Normal density, g cm |
[V Bulk soil density (matric plus gravel), g em’

P Adjusted density, g cm”

P Slope of logarithmic tension-moisture curve

a Matric soil density/gravel density (2.65) = p /2.65
Rv Volume fraction of gravel (decimal), g cm”

Rw Weight fraction of gravel (decimal), g g

Al Osmotic potential at 6 = 0 ~Kpa

T, Osmotic potential at 0 = 0, Kpa

111 : Saxton and Rawls (2006)
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Moisture, 0-33 kPa w Air Entry Tension im
. 35 - - -
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0.0 s e ; :
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i 8 anuduiuiszniauanhluauiialduaz i 180nmsilszdiuTaeaunisn
amamans TasiinsanfingsnuilFaaiwesdiu 15 bar (-1500 flawania) (A) uag 0.3 bar
(B,C) (-33 N lawidaia) 1aziisa0an1nia (D)
ﬁm : Saxton and Rawls (2006)
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) =
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% water content
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----- y =72.2235 - 0.0275x

A mv - % water by volume
= = = y=85.0785-0.0418x

water by weight (%)

Rice plot
R=0.7856, R2 =0.6172; y =55.2255 -0.0177x;P <0.0001
R=0.6253, R2 = 0.3806; y =48.9085 -0.0175x; P <0.0001
L
A %
0 | &
10 . . ! ‘
1000 1500 2000 2500

mV
A mV-% by weight
=== y=48.9085-0.0179 x
B mV-% byvolume
=== y=55.2255-0.0177x
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Head plot

R=0.8251 ,R2= 0.6809;y = 69.3305 -0.0242x;P <0.0001;n = 47

R=0.6551,R%= 0.4291;y = 48.1714 -0.0143x;P <0.0001;n = 59

water content by weight (%)

-10 ‘ . | ; ; : : :
1400 1600 1800 2000 2200 2400 2600 2800 3000

mV

A mV-% by weight
_____ y =48.1714 -0.0143x

® mV - % by volume
— = = y=69.3305-0.0242x

Maize;Toe of slope

R=0.6758,R’ = 0.4567; y = 44.0925-0.0139x;n = 47;P < 0.0001
R=0.6642,R’ = 0.4412; y = 46.2099-0.0149x;n = 59;P < 0.0001

§ |
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i 30 : >
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P d -
w 0

2

1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
mV by sensor

® mV-% water by weight
== =y =46.2099 -0.0149x
® mV - % water by volume
y = 44.0925 -0.0135x

MW 14 AU 3FUNTITMTVUTVINRGY (Calibrating equation)
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Predicted
Value measured by Measured water by measured Predicted
Sensor water by weight (%) water by water by
(mV) weight (%) RMSE volume (%) volume (%) RMSE
- 23.09 47.14 7.38

21.67 46.48

20.04 46.07

23.30 47.01

21.68 48.49

15.96 48.05

15.39 25.48

23.28 2512

15.72 46.70

11.98 4591

12.14 46.32

15.91 45.00

11.05 47.28 18.00 14.12 591
7.19 46.87 12.40 11.65
16.32 46.84 19.10 10.35
11.65 45.80 20.40 18.07
6.64 40.01 8.10 T2
5.74 43.92 4.30 7.70
5. 7 45.13 5.40 6.09
8.49 44.61 11.20 8.75
19.43 44.45 32.40 22.93
18.89 46.73 33.30 21.66
17.98 46.48 30.40 21.10
21.87 45.49 12 35.03
15.50 47.81 20.00 32.16
16.27 45.52 20.80 15.82
15.01 48.08 22.80 15.73
15.42 45.69 25.60 18.03
8.56 42.57 15.40 15.24
8.64 43.76 15.20 12.14




49

Predicted
Value measured by Measured water by measured Predicted
Sensor water by weight (%) water by water by
(mV) weight (%) RMSE volume (%) volume (%) RMSE

9.00 46.95 15.10 13.81
8.46 43.24 16.80 13.34
4.11 40.29 8.80 8.61
343 42.27 5.60 4.12
4.08 44.53 6.40 6.67
3.3 41.50 9.20 4.98
1.10 39.35 1.50 15.88
1.16 38.69 1.20 15.26
1.74 41.97 2.00 12.22
0.82 42.96 1.40 14.39
22.50 43.79 12.60 12.68
25.90 46.57 15.40 11.28
2431 44.45 17.70 15.65
26.40 41.34 12.40 3.04
18.27 43.54 2.40 4.42
20.90 4227 2.00 5.88
24.75 45.49 5.20 9.23
17.02 42,13 1.40 4.26
22.31 41.25 2.20 2.93
36.81 38.33 1.60 3.07
16.74 39.30 2.10 2.19
10.25 37.10 4.20 1.76
12.98 39.60 1.10 2.83
9.64 35.83 1.40 4.93
17.08 38.06 1.30 2,19
21.80 34.34 1.60 1.74
12.28 28.56 1.70 322
9.50 28.52 1.80 l.§7
13.17 24.10 1.20 1.79
9.48 2578 1.10 5.36
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Value measured Predicted
by Measured water by weight measured Predicted
Sensor water by weight (%) water by water by volume
(mV) (%) RMSE volume (%) (%) RMSE
911.00 54.42 47.14 7.38 = .
935.00 51.30 46.48 L -
950.00 56.19 46.07 == -
916.00 54.51 47.01 =T )
862.00 49.36 48.49 - -
878.00 47.12 48.05 = s
1698.00 32.41 2548 == ==
1711.00 23.15 25.12 = o
9&7.0{) 46.29 46.70 iz =
956.00 42,85 45,91 o= =
941.00 52.42 46.32 7= =
989.00 4772 45.00 = =
906.00 38.89 47.28 40.00 47.24 5.09
921.00 37.62 46.87 45.60 46.61
922.00 46.79 46.84 49.20 46.57
960.00 43.93 45.80 44.80 44.98
1170.00 35.09 40.01 39.20 36.21
1028.00 36.97 43.92 42.60 42.14
984.00 44.30 45.13 44.00 43.98
1003.00 43.52 44.61 39.50 43.18
1009.00 52.38 44.45 48.10 42.93
926.00 39.11 46.73 52.00 46.40
935.00 38.21 46.48 56.40 46.02
971.00 61.03 45.49 54.00 44.52
887.00 38.91 47.81 44.10 48.03
970.00 37.99 45.52 42.50 44.56
877.00 44.88 48.08 52.60 48.45
964.00 42.71 45.69 42.60 44.81
1077.00 34.51 42.57 31.20 40.09
1034.00 35.98 43.76 42.00 41.89
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Value measured Predicted
by Measured water by weight measured Predicted
Sensor water by weight (%) water by water by volume
(mV) (%) RMSE volume (%) (%) RMSE
918.00 4221 46.95 48.40 46.73
1053.00 35.26 43.24 35.60 41.10
1160.00 30.42 40.29 35.90 36.63
1088.00 29.90 42.27 44.80 39.63
1006.00 36.22 44.53 48.60 43.06
1116.00 3248 41.50 38.30 38.46
1194.00 26.65 39.35 33.00 521
1218.00 30.62 38.69 35.70 34.20
1099.00 35.00 41.97 44.50 39.17
1063.00 30.66 42.96 37.30 40.68
1033.00 40.23 43.79 40.00 41.93
932.00 56.58 46.57 42.90 46.15
1009.00 38.56 44.45 49.80 42.93
1122.00 35,15 41.34 47.60 38.21
1042.00 53.70 43.54 32.40 41.56
1088.00 63.34 42.27 33.30 39.63
971.00 57.49 45,49 47.80 44.52
1093.00 43.95 42.13 47.60 39.42
1125.00 53.46 41.25 40.90 38.09
1231.00 55,7 38.33 39.20 33.66
1196.00 738.44 39.30 28.70 S
1276.00 57.55 37.10 20.50 31.78
1185.00 53.20 39.60 21.20 35.58
1322.00 55.18 35.83 24.60 29.86
1241.00 54.87 38.06 29.00 33.24
1376.00 64.78 34.34 21.10 27.60
1586.00 19.08 28.56 19.80 18.83
1769.00 13.08 23.52 18.60 11.19
1748.00 10.17 24.10 16.50 12.07
1687.00 17.92 25.78 15.50 14.61
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Value measured Predicted
by Measured water by Measured Predicted
‘Sensor water by weight (%) water by volume | water by volume
(mV) weight (%) RMSE (%) (%) RMSE
779.00 36.14 29.93 9.74 - -3
795.00 52.03 29.76 e =
740.00 3591 30.35 - =
823.00 37.41 29.46 = =
853.00 36.58 29.14 = -
838.00 54.18 29.30 = =
867.00 34.06 28.99 = *
875.00 31.62 28.90 = -
853.00 28.86 29.14 - s
814.00 §2.59 29.55 = =
912.00 26.64 28.50 = -
389.00 28.52 34.10 7 =
946.00 237 28.14 20.90 32.75 8.57
760.00 49.97 30.13 55.00 35.26
883.00 22.62 28.81 32.20 33.60
904.00 2523 28.59 36.40 33.32
853.00 28.86 29.14 21.20 34.00
814.00 52.59 29.55 46.40 34.53
912.00 26.64 28.50 22,40 33.21
389.00 28.52 34.10 31.40 40.25
1072.00 2351l 26.79 38.00 31.06
877.00 36.50 28.88 48.80 33.68
1043.00 27.24 27.10 28.60 31.45
966.00 30.06 27.93 37.40 3248
1049.00 20.21 27.04 28.00 31.37
901.00 29:29 28.62 48.20 33.36
1138.00 23.72 26,08 31.40 30.17
1028.00 23.60 27.26 34.30 31.65
1316.00 11.53 24.18 25.20 27.78
1063.00 18.59 26.89 37.00 31.18
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Predicted
Measured water by Measured Predicted
y water by weight (%) water by volume | water by volume
mV) | weight (%) RMSE (%) (%) RMSE
1492.00 12.89 22.29 25.00 25.41
1375.00 13.75 23.55 28.30 26.98
2053.00 16.46 16.29 20.60 17.86
1302.00 23.23 24.33 20.60 27.96
1613.00 17.76 21.00 19.80 23.78
1384.00 19.29 2345 20.80 26.86
2103.00 4.79 15.75 3.80 17.19
1400.00 13.71 23.28 14.60 26.65 ?
1745.00 4.59 19.59 6.80 22.00
1546.00 5.40 21;72 9.30 24.68
1175.00 7.03 25.69 28.80 29.67
1214.00 17.20 2507 52.60 29.15
1394.00 23.34 26.70 26.73
1145.00 0.12 26.01 32.90 30.08
2155.00 16.30 15.20 17.20 16.49
1298.00 13.45 2437 18.10 28.02
1628.00 12.22 20.84 16.40 23.58
1620.00 11.42 20.92 20.60 23.69
2236.00 17.47 14.33 16.50 15.40
2390.00 17.10 12.68 20.20 13.32
2512.00 2255 11.37 17.80 11.68
2443.00 25.10 12.11 19.20 12.61
2230.00 23.65 14.39 19.00 15.48
2112.00 19.05 15.66 13.20 17.07
2220.00 19.29 14.50 18.60 15.61
2509.00 19.76 11.41 15.50 11.72
2561.00 8.29 10.85 10.60 11.02
26577.00 13.55 9.82 9.80 9.73
2763.00 14.73 8.69 10.20 831
2779.00 10.57 8.52 11.60 8.09
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Value measured Predicted
by Measured water by weight measured Predicted
Sensor water by (%) water by water by volume
(mV) weight (%) RMSE volume (%) (%) RMSE
854.00 49.72 33.66 10.11 = =
963.00 17.15 72 — —
1018.00 50.28 30.73 =+ 5
926.00 49.59 32.38 =5 #
789.00 46.15 34.82 B c
829.00 32.56 34.11 i s
989.00 46.67 31.25 = =
818.00 54.17 3431 = 5
834.00 37.55 34.02 == =5
906.00 40.28 3473 E= -
1010.00 27.80 30.88 =5 e
882.00 38.99 33.16 = &
834.00 22,01 34.02 42.20 40.51 6.62
1034.00 48.11 30.45 35.60 36.97
999.00 22.29 31.07 48.00 37.59
857.00 24.76 33.61 42.80 40.10
911.00 28.54 32.65 40.30 39.18
1093.00 19.29 29.40 31.40 35.93
1123.00 33,7 28.86 40.80 35.40
980.00 31.51 31.41 40.20 37.93
887.00 38.06 33.07 45.80 39.57
1014.00 29.21 30.81 40.20 31745
955.00 42.89 31.86 52.60 38.37
971.00 37.28 o)) i) 43.80 38.09
853.00 31.22 33.68 42.20 40.17
1044.00 26.73 30.27 31.60 36.80
1014.00 35.36 30.81 42.00 37.33
956.00 34.52 31.84 41.40 38.35
902.00 20.29 32.81 36.80 39.30
1078.00 19.95 29.66 34.60 36.20
1106.00 36.73 29.16 41.60 35.70
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Value measured Predicted
by Measured water by weight measured Predicted

Sensor water by (%) water by water by volume

(mV) weight (%) RMSE volume (%) (%) RMSE
975.00 21.81 31.50 40.20 38.02
1068.00 21.11 29.84 36.40 36.37
1292.00 15.50 25.84 27.00 32.42
1390.00 26.20 24.09 39.80 30.69
1136.00 20.92 28.63 33.20 35.17
1099.00 16.92 29.29 23.00 35.83
1392.00 7.18 24.06 18.40 30.66
1478.00 19.77 22.52 32.20 29.14
1200.00 15.42 27.49 22.00 34.04
1109.00 18.16 29.11 36.80 35.65
1238.00 8.37 26.81 34.60 33.37
1098.00 8.71 29.31 41.60 35.85
1087.00 16.72 29.50 40.20 36.04
1073.00 48.17 29,15 17.20 36.29
1194.00 37.20 27.59 20.80 34.15
1126.00 46.05 28.81 34.00 35.35
1218.00 23.96 27.16 30.50 33.73
1587.00 17.63 20.58 16.50 2721
1598.00 19.31 20.38 19.10 27.02
1765.00 16.55 17.40 26.50 24,07
1773.00 16.30 17.26 27.70 23.93
2013.00 12.76 12,97 27.20 19.70
2133.00 18.97 10.83 15.60 17.58
2198.00 11.36 9.67 15.40 16.43
2157.00 9,91 10.40 20.20 LZi)S
2213.00 11.31 9.40 19.80 16.17
2278.00 Y52 8.24 14.30 15.02
2587.00 .17 2.72 13.40 9.56
243200 11.13 5.49 12.20 12.30
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v & 4
AMUUUUDINUN (Top of slope)

Value measured Predicted
by Measured water by weight measured Predicted
Sensor water by weight (%) water by water by volume
(mV) (%) RMSE volume (%) (%) RMSE
1477.00 23.17 27.04 4.89 = =
1823.00 20.67 22.10 o =
1999.00 21057 19.58 = -
1669.00 25.55 24.30 o= -
1995.00 19.42 19.63 ; =5 £
2204.00 16.58 16.65 = e
1995.00 17.97 19.63 s <
1645.00 21.47 24.64 7= =8
2249.00 16.26 16.00 3 =
2518.00 13.31 19115 = =
2498.00 1525 12.44 - =
25527.00 17.69 12.03 - -
2156.00 8.84 17.33 16.00 17.08 4.90
2244.00 7.00 16.07 12.20 14.95
2479.00 10.61 12.71 11.70 9.25
2619.00 13.42 10.71 14.00 5.86
2513.00 11.13 12.23 12.00 8.43
2624.00 8.87 10.64 6.30 5.74
2639.00 9.67 10.42 11.20 5.37
2516.00 12.16 12.18 11.70 8.35
1624.00 23.89 24.94 32.20 29.97
1805.00 22.44 22.35 30.00 25.59
1825.00 20.68 22.07 31.80 25.10
1848.00 23.39 21.74 33.60 24.54
1946.00 21.34 20.34 20.80 2207
1952.00 19.50 20.25 20.40 22.02
2180.00 22.00 16.99 23.50 16.50
2108.00 20.89 18.02 23.60 18.24
2054.00 13.00 18.79 16.80 19.55
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Value measured Predicted
by Measured water by weight measured Predicted
Sensor water by weight (%) water by water by volume
(mV) (%) RMSE volume (%) (%) RMSE

2297.00 10.77 15:31 14.60 13.66
2238.00 13787 16.16 16.20 15.09
2250.00 12.97 15.99 19.40 14.80
2415.00 8.31 13.63 6.60 10.80
2576.00 5:l5 11:32 7.40 6.90
2464.00 8.81 12.93 11.60 9.61
2443.00 8.29 13.23 12.60 10.12
2518.00 3.84 12.15 3.80 8.31
2703.00 2.96 9.51 3.10 3.82
2569.00 4.46 11.42 2.80 7.07
2634.00 3.90 10.49 6.30 5.49
2113.00 34.49 17.95 17.30 18.12
2107.00 16.38 18.03 15.50 18.27
2234.00 17.78 16.22 18.40 15:19
2386.00 16.45 14.04 18.20 11.50
2513.00 23.14 12.23 8.60 8.43
2707.00 18.37 9.45 7.60 3.73
2600.00 2342 10.98 7.50 6.32
2581.00 21.19 11.25 8.00 6.78
2113.00 34.49 17.95 7.60 18.12
2107.00 16.38 18.03 5.50 18.27
2234.00 17.78 16.22 5.10 1519
2386.00 16.45 14.04 6.60 11.50
2321.00 19.47 14.97 4.60 13.08
2443.00 12.62 13.23 4.20 10.12
2553.00 13.32 11.65 3.10 7.46
2522.00 12.25 12.10 2.10 8.21
2763.00 6.06 8.65 1.30 287
2768.00 333 8.58 1.70 2.25
2887.00 6.23 6.88 2.10 -0.64
2875.00 5.62 7.05 1.10 -0.35
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Aua1aue iU (Toe of slope)

Value measured Predicted |
by Measured water by measured Predicted
Sensor water by weight weight (%) water by volume water by
(mV) (%) RMSE (%) volume (%) RMSE

2014.00 21.24 16.11 5.83 = oF
1464.00 24,88 24.33 o --
1282.00 51.56 27.05 - =
1527.00 29.42 23.39 % =
1985.00 16.39 16.55 e= i
2088.00 20.27 15.01 - c
1698.00 22.03 20.83 o =
1711.00 25.18 20.64 - k3
1981.00 13.35 16.60 = =
1903.00 16.92 E1ATT = =
1980.00 20.38 16.62 = -
2356.00 20.00 11.00 == =
1883.00 11.78 18.07 16.90 18.74 3530
1931.00 12.78 17.35 18.30 18.09
1848.00 16.68 18.59 20.60 19.21
1873.00 16.06 18.22 15.80 18.87
2019.00 9.41 16.04 8.80 16.91
2238.00 12:25 12.76 13.20 13.96
1941.00 12.50 17.20 15.40 17.96
1942.00 14.60 17.19 14.20 17.94
1381.00 23.81 25.57 34.70 25508
1555.00 24.05 22.97 33.20 23,05
1355.00 26.01 25.96 26.80 25.85
1399.00 29.53 25.30 34.00 25.26
1795.00 24.54 19.38 23.20 19.92
1898.00 23.67 17.85 23.10 18.54
1614.00 28.96 22.09 19.80 22.36
1653.00 27.34 2151 27.80 21.83
1898.00 1537 17.85 23.40 18.54
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Value measured Predicted
by Measured water by measured Predicted
Sensor water by weight weight (%) water by volume water by
(mV) (%) RMSE (%) volume (%) RMSE
1747.00 15.62 20.10 18.60 20.57
1765.00 19.92 19.83 18.90 20.33
1765.00 19.95 19.83 24.50 20.33
2171.00 13.00 13.77 17.00 14.86
2103.00 13.11 14,78 12.60 15.78
1997.00 13.19 16.37 15.00 17.20
1917.00 15.88 17.56 19.60 18.28
1987.00 7.22 16.52 7.60 17.34
1768.00 9.85 19.79 6.90 20.29
1896.00 11.15 17.88 6.40 18.56
1992.00 8.70 16.44 11.80 17.27
1765.00 6.67 19.83 20.00 20.33
1858.00 4.43 18.44 22.50 19.07
2812.00 7.48 4.19 20.60 6.23
2015.00 g.11 16.10 24.50 16.96
2093.00 24.09 14.93 13.00 15.91
2136.00 16.02 14.29 13.00 15.33
2186.00 15.55 13.54 12.00 14.66
1970.00 13.00 16.77 13.70 17.57
2342.00 10.62 11:21 10.60 12.56
2322.00 8.61 11.51 12.10 12.83
2341.00 14.12 11.22 11.70 12.57
2361,00 10.32 10.93 12.30 12.30
2516.00 9.02 8.61 13.10 10.21
2431.00 11.30 9.88 11.20 11.36
2661.00 14.79 6.44 11.20 8.26
2441.00 8.45 9.73 10.30 11.22
2726.00 4.04 5.47 9.80 7.39
2822.00 9.03 4.04 9.40 6.09
2561.00 11.38 7.94 6.70 9.61
2516.00 10.76 8.61 8.30 10.21

M990 17 The Calibrating equation of various soils for adjustment of measuring v
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alues of soil moisture sensor to % water content by weight and by volume and The root mean
square error (RMSE) of value from using calibrating equation (or predicted equation) for soil

moisture sensor

Soil Type of water Calibrating equation RMSE Soil texture
content
Sansai % by weight [] = 21.2505 — 0.0030[] 7.38 Sandy loam
% by volume 0 = 50.3355 — 0.0164L] 5.9 Sandy loam
Hangdong % by weight 0 = 72.2235 — 0.02750 7.38 Clay
% by volume 0 = 85.0785 — 0.0418[] 5.09 Clay
Paddy soil % by weight [ = 48.9085 — 0.01750 10.11
% by volume O = s6.2255 — 0.01770] 6.62
Upland soil % by weight O = 48,1714 — 0.0143[] 9.79 Sandy loam
% by volume [l = 69.3305 — 0.0242] 8.57 Sandy loam
Upland soil % by weight O = 48.1714 — 0.01430] 4.89 Sandy loam
(Top slope)
% by volume [ = 69.3305 — 0.0242[] 4.90 Sandy loam
Upland soil % by weight [ = 46.2099 — 0.0149[] 5.83 Sandy loam
(Toe slope) % by volume [J = 44.0925 — 0.0139[] 5.30 Sandy loam

1.2 mydsziiiumavedimsaumsndinmaninlFlumsUFufieu ( Calibrating equation)
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2.1 mIdammsaumsadiamaniildlumsdiumey (Calibrating equation) vo4
d ar éll.’ a o aA - A" 1 a o 3 @
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nmInaandil laadeaumaduasadmsuls ey (Calibrating equation) 40113149
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M15199 18 The slope ( a ) and the intercept (b) values from Linear regressions from the relationships

between type of water contents and soil water content measured by soil sensor.

Location Y =b+ax Land use Type of water content b a
Saraphi LR PD YWt 49.2 -0.02
18 LR PD %Vo 7.2 -0.02
LR LG %Wt 156.6 -0.16
LR LG %Vo 186.4 -0.17
LR PD YoWt 46.9455 -0.0146
LR PD % Vo 58.23 -0.0117
LR LG %Wt 55.9164 -0.0226
Proaw LR LG %Vo 93.7557 -0.0397
LR PD %Wt 50.4303 ' -0.0183
LR PD %Vo 95.5132 -0.041
LR LG %Wt 39.8041 -0.0009
Doi Saket LR LG Vo 54,6527 -0.0113
704 85 4 PD,Proaw
.\ .G Praow 50 ﬁ Py @
80 L 1™ “

50 4

40 -

% SWC

0 800 1000 1200 1400 1600
1200 1400 1600 1800

Sensor (mV) | Sensor (mV)

180C




64

LG, DoiSaket PD.Doi Saket
50 1 70 -
® o
50 - S
——
::: 40 —-MW;—_—:‘—-
N gy "'"&..._‘ ‘. -
?I / mé_ﬁ:
20 ¥ s
¥
10 4 : : :
600 800 1000 1200 1400 1600  4ggo 1200 Atk YBOO
Sensor (mV) Sensor {mV)
70 - LG.Saraphi 70 PD,Saraphi
|
80 P
g o,
50 e @ T R,
- T " UL
O 40 e ® o -~
2 30 ".-:-3- - s
- ™
o 7T Rt T
30 20 - ——
. -
y ® e 10 : : ; : :
20 i | ) | 700 800 ago 1000 1100 1200
780 800 820 840
Sensor (mV)
Sensor (mV)

mwﬁ 21 The various relations between soil water content by weight (red cycle) , volume(blue cycle) and

electrical resistant (mV) with sensor.
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M15190 19 The calibrating equation of soils from paddy and logan soils for adjustment of

measuring values of soil moisture sensor to % water content by weight and volume

Location Type of equation Land use Type of water content RMSE N
Saraphi LR PD %Wt 422 8
LR PD %Vo 7.18 V 8
LR LG %Wt 4.99 8
LR LG %Vo 4.08 8
LR PD %Wt 5.02 15
LR PD %Vo 5.01 15
LR LG %Wt 3.63 15
Proaw LR LG %Vo 8.38 15
LR PD %Wt 4.87 | 5]
LR PD %Vo 6.05 15
LR LG %Wt 8.53 15
Doi Saket LR LG %Vo 4.70 15
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Location Type of water Equation R R’ (Adjusted) Probability
Land use
Saraphi, LG % Vol LR 0.3399 0.2299 0.1293
YoWt LR 0.2372 0.1100 0.2209
Saraphi, PD % Vol LR 0.2065 0.1454 0.0888
Yo Wt LR 0.2891 0.2344 0.0387
Proaw,L.G % Vol Lil 0.4112 0.3621 - 0.0134
YoWt LR : 0.5455 . 0.5076 - 0.0026
Proaw,PD % Vol LR 0.2065 0.1454 0.0888
%Wt LR 0.2891 0.2344 0.0387
Doi Saket,LG %o Vol LR 0.0742 0.0030 0.3257
YoWt LR 0.1578 0.0931 0.1425
Doi Saket,PD % Vol : LR 0.4025 0.3566 0.0111
Yo Wt LR 0.6739 0.6488 0.0002
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Type of water
Soil Calibrating equation Soil texture
content
Sansai (Ss) % by volume y = 50.3355 — 0.0164x Sandy loam
Hangdong (Hd) % by volume = 85.0785 — 0.0418¢ Sandy clay loam

N hwennsneanei |

M15190 22 The controlling of water managements of this experiment using soil moisture sensor

Soil Symbol The upper threshold of soil moisture by sensor (mV)
Hd W1 waterlog

Hd Wi- 1200-1345

Hd W2- 1500

Ss Wi waterlog

Ss Wil- 1200-1500

Ss W2- 2000
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M51an 23 uSeumeuanmslsumen (Calibrating of moisture sensor) YDIAUTDIYUALND
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Soil Type of water content Calibrating equation | Soil texture

Sansai (Ss) % by volumel30UNAADY Y = 84.3244-0.0344x | Sandy loam

Hangdong (Hd) | % by volume FoUNAADY Y=285.99-0.0512X Sandy clay loam

Sansai (Ss) % by volume Ho1iAN15 | Y = 50.3355-0.0164x | Sandy loam

Hangdong (Hd) | % by volume #031/fj1iAms3 | Y=85.0785-0.0418x | Sandy clay loam

® Sansai

L] Hangdong

Hangdong:R=oA4052,R2 =0.0164 y = 85.9900 -0.0512x,n = 96,P< 0.0001
e o Sanuai;R=0.BB4B,R2 =0.7829 y =84.3249-0.0333x,n= 32,P < 0.0001

% of water by volume

o] 500 1000 1500 2000 2500 3000
Sensor (mV)

MW 24 aum3U5DRe (Calibrating of moisture sensor) YDIAUTADIBUANDNT

samatnuuaauuiangutiuluanmluGounaans

o d o él' = T ar ~Dv = o Y vV
32 wWaveanslduaesiannusuaunemsdamsinuuienadunisvesmsilgning
w 40 = = i = a ¥y Y e
WiugameqluduaessHanemansaiulasazansdudusigoimslududing
[ F

3.2.1 malasuui/asaviinvesauainmssam s wuudlenaduuia

= a ~ o ga 1 a o 1

AunasazduneRiuane lumsnaasstiing pH veawtlunsannuaznsa
11unae (pH 5.9 uag 5.5 mudian) J5unudsunising luaudumzdmnn (%OM 1.54 uag
0.79% auany) Uszmadearesatunatsuazaoud1ad (11.54 1ag 7.77 mg Kg'
ad1ay) Usuaunaidon gauasgauin (951.20 1az3879 mg Kg mwdnn) 5w
uun@suan luaune 2 sia daulsunadinsdluauneadlsnadinnluaudu

1 o < a J = a y
n3w uafSnmnelnles man uazuamtialuauneasgan N IuAuduNIIY (13199 24)
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M990 24 AUTAVDIAUNDUNITNAADY

pH %OM AviP ExchangeableK Ca Mg Zn Cu Fe Mn

Soil Type -
mg kg

Hang Dong 508 154 1150 69.47 95120 0.026 171 12072 569 072

Sansai 55 079 777 99.19 3879 0.003 341 323 120 0.13

HAININAADINUIINEHAINgRd My uRAsueIauTRvsAuLazlT N
J o [ tﬁy ~ a =) ﬂJ ~ =
519011 1UANANAUAL TagrnnaellSuaduniiodag, USua NH,  Tnuna@on unadow,
< s @ T r a a w
uunildFen, man, suenianazneaeaganNaudunsie @au pH luaunisaumzaudu
wiwtinnuiunge (pH 5.67 uag 535 awde) ualdsina No, uazveaesalududu
NIWGINNAUTIA (31991 24 )
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= - W 1 1 o o9 ' 1 1 :3} a Aq Y
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Vnawaa@oy uunil@oy wazmian Tu Wi ez W-1 gani w-2 dwmfums iy wi
uag W2- Nilsunaeunisiaguaseaesagandl W-1 uaa1 pH Tu W1, W-1 uag w-2 1

ANMIUNTA (pH 5.55, 5.49 LAz 5.48 AMWEIF) (1131991 25)
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pH
oM HHS HO3 P soit K Ca Mg Fe Mn Cu
{1:1 wate: %
Hd-PT 5250 2744 42128 055¢C a02c 66.56 A 3122 A 8567 A 4211 A 500 A
Hd-iM 544¢ 279 A 45.11 A 056 C 793¢ 50.33 A 388,67 A 58.05 A 47.44 & 5.35A
S5-PT 5598 CSZB 37530 0854 5342 3118 8933 B 63568 51.00 A d4gB
S50 5750 085 B 4142¢C 0608 9438 1556 ¢C 3 128.06 B 65.17 8 37818 0418
Hd-W1 533 E 277A 38580 055D 758 E 63254 15683 A4 389.17 AR 01584 38258 58s8
Hd-W1- 532 272A 41038 0,550 5048 6403 4 144128 460,33 2 93334 55.17 A 5434
tissgs 8- F s Mg =z e Cia Zn
P Vareb, Treat P = . 4
(mphg!  imgkyl  (mgdgl (mghy imghgt  Impfal  imyis) gy} imylgl  (mpie
wi 520 2832 40937  056DEF 8.0ID E7.004 1720704 35833  10B6TA  3P00CD 58 1.590
%200
5T Wi 523 2608 26.07H osseF 207D 65 674 1559308 4ssss e 560088 GO0BBC 157D
A8
9138 630
w2- 5233 280~ 4% 3T o.5aF 797D £7.004 ABT 30BC 28000 49 338C 1480
ABCD AL
Hd 270 59.50 1417.00 #5.50
Wi 548 3822G 0354F 756D 24000 §7.50C0 S8 1510
AR A8 =) AR
B4.ET
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AR AB
Wi 556 8e7C 24450 0.57DE 2914 28670 248 008 11633 TO47DE  1988F 0360 24048
oBs 45,00 Ta00
T Wii- 548 35.0u B75A 10.008 248008 80.00 E7.004 0.36C 298C
@ B0 e
W2 562 eh-rie 33.12) Ge38 BEIA 35670 247 ME T187 &5.00E £8.672 G090 24048
3a 0.50 7450
Wi 580 311H $.5%C 2.5%8 21.50D 245 50€ 3750 215008 8270 3482
<o 8COE
EY 050
Wit 581 - 46.25¢C Q5TDE  9.51BC T.000 245 00E 15000  SDODE  B2000E 00D 283C
Wa- 535 2770 41908 De48 [35C 18000 197 S3E B6.67 €1.006 403380 0.560 3088C
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