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Abstract

The “Biofunctool” toolkit dedicated to the onsite measurement of soil health was collected and
developed under the collaboration between the Land Development Department (LDD) and the French research
institute: IRD and CIRAD. This tool aimed to assess the impact of agricultural practices on soil functioning and
quality. However, soil quality varies according to the soil texture and constitutes one potential limitation affecting
soil quality assessment. This study was undertaken on 4 different types of soil texture; loam, sandy loam, clay
loam and sandy clay loam all located within the same type of plantations (pepper). All the measurements were
done in Kaeng Hang Maeo district, Chantaburi province (3 plantations per soil texture with 3 replications per
plantation). Soil quality was analyzed by some fast and inexpensive Biofunctool toolkit, and compared with the
laboratory method. The results indicated that the soil health assessment by laboratory method and the
Biofunctool follow the same trend. Loamy soil had the highest soil health index than others, followed by sandy
loam, clay loam, and sandy clay loam, respectively. There was no significant difference between the soil quality
index originated from both laboratory method and the Biofunctool. It showed that the Biofunctool could be used
to assess soil health in conjunction with laboratory method. Alternatively, the Biofunctool could be used to
perform a preliminary soil quality assessment to reduce costs and time. In particular, the study on soil organism
activities done by Bait lamina and SituResp method indicated also that the Biofunctool was able to assess the
significant impact of organic matter.

Keywords: Pepper, Soil texture, Soil health, Soil quality index
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et al., 2018)

nsuiaiAusufuan1tu IRD wazan1tiu CIRAD ans1susdgriuaa Idfufumunutasiauwiyaiaiode
Biofunctool dwiuldlunsussifiununinAunsnanunsegisie lnegatiludesnisimihiivesiulunisudniies Tiud
mMsUsziiulassainevesiu mauAsunaswesndueulufiu msvyulsuvessine sy (Brauman et al., 2021) agdls
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Fovihasgvhadiniu dailnalnemsatenisssuisthuagdnemoinie Fsdanasionuaninsalunisgadusimeimslufiu
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fwansueulaoonledanniu SsuandliifuiafianssuvesddTinlufuuaznsdosaaevesasdidinlufiu (United States
Department of Agriculture, 2001)

nsAnuisendeilsuintu ennaaunsldiniaile Biofunctool §1uau 4 desile ud AggSoil, Beerkan test,
Bait lamina uag SituResp Tun1suszifiuguaiwdunianisinens laedndunislufiuiiugnninineludaminduny3
desmnwsnlneidufivayulnsduduusn q Aliaauselond uarasmamauuagulnsilivsemsuasduen
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1%

Andnnaivieiu 3endn “Ussmaundnlvesenineszswa” w3 IPC: International Pepper Cormmunity tungquinén

U

winlnedounaralanUaglisininsesas 90 (Moh, 2017) Ineyinn1svagaunmunInAusleLAsasdle Biofunctool wieuiu

WnsveaeuluioslJuFnis

189 uUnsaluazIsng

1. nrspaEenituikaz 1AL 1SINADY

daudasgniinineluiuiisneunmnam Sm¥adunyd (szving UTM 811638-818083E way 1430197-
1438807N) LLaxﬁﬂLaaﬂLL‘LJaQW%ﬂVLVIEJﬁﬁsﬁ’NEJ’IQLLa%ﬂWiQLLa%JﬂH’lﬁGiNﬁu MNTIATIEIUAETIVTINTBLANINIENTNYDS
fu léun naugaiu Snuusidedu Tasvhmslesgimuiimeynadefunae (sand) ioRunseutls (sitt) uaziiiodu
Wil (clay) #1875 hydrometer (Land Development Department, 2010) LLa:u:u'ﬂﬂajuLLUaﬂUQﬂw%ﬂlmaﬁﬁﬁﬂwmLf':a
Ausnafy 91w 4 wlafu 1uRUNIIAaeLUUdNUaanauysal (Randomized Complete Block Design: RCBD) lng
dnsAnenienuay 3 ulas 9883 1 T fiusau Ausiudunse usuduiuniler waviusaunioaunae

2. Wnsrzvigudanulaeasnisluiasufuinisuasziaiade Biofunctool
Wumegsiuluiiounguainy 2564 Aiszauaiiudn 0-10 wufung lagidunisiiudiegefunuulisuniy

Tnseadnafiu (undisturbed sample) frenszuanifiufiagneiu (core sample) (Back and Hartge, 1986) wielUiinses
fumuisns feil
2.1 manasviauaaulagasnisluiosdjoanIs

(1) AAURLILLLTINBIAY (bulk density) iiusnegsiulagldnsyuanlavgiiufegieiu Wiluimsiziaany
MULYDIAULALIT core method (Land Development Department, 2010)

(2) anmnstvesi (saturated hydraulic conductivity) ¥nnsiasiginisinivesivluanmiisusaly
HosfiRnns Tnsiannuiasvenifindeufiremiasian (Office of Science for Land Development, 2004)

(3) USunauduviseing (organic matter) lngldansazaralnuna@eulalasun lunsadaiindndudwiu oxidizing
agent Tunsiasudunsdasvanluiulinaedutensuaulaeenles udadmsmeilalaswaiiviesenslnmsase
asazaelesiyaueluiendamalagldoosiniluuulnsduiudufiames muinuTnadunieingaindriiaus@ly
dunsyinglufuilansueusesay 58 (Walkey and Black, 1934)

(@) mudunsadursvesiu (pH) Ingldsasaniui = 1:1 ww) udrindewdos pH meter (Peech, 1965)

2.2 myuasizvauvagulaginieels Biofunctool

(1) Aggregate stability (AggSoll 0 Wunsmageuiaiosninvesiu Ao nsUsziliunginssulaseadrsiunigld
NANTENUVEITN aY WaEnsIANTsuAneneiy lafesnweshiuetadenlesiuandivareUseMsvesiu Wy efdssneu
Yo urseinglufiu AINTSUNITINMVBIRY AMUAINITATUNITUNINTULATANUAIUNIUABNSAPYIZVBIAY N1INAEDY
leResnmueiulags Ageregate stability 4 Wunislvazuuumnuamuseadaiulaensussifiugeasn aevdns
ammmmu’ium (Herrick et al., 2001) Tnef3snsstail

- gudregnadinfuraduringudnans 6-8 fiafwns Nsvduaudn 0-10 wURWAT 917U 18 Fet1asegn

q
'
=

iHudetne udiilasognsfilsuumemanafinuszanas 1 92l

- ldfegadniuasiunzings 9 az 1 Wiadu

- Futhadlundes Tlszduanugeesivssinm 2 wuins udildnzunssiifdiafuadlulundesiitiiy
35998 (Figure 1) Funamnu 5 Wil ilelsirzuuumainasifiimua (Table 1) wazmAadInduauiiegteimualy
wiazgaL U1
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Figure 1 Size and composition of sieve (a) and the immersion of the sieve into water (b)

Table 1 Class and criteria for soil aggregate stability test

Stability class Criteria for assignment to stability class

0 Soil too unstable to sample (falls through sieve)

1 50% of structural integrity lost within 5 seconds of insertion in water

2 50% of structural integrity lost 5-30 seconds after insertion

3 50% of structural integrity lost 30-300 seconds after insertion or
<10% of soil remains on sieve after five dipping cycles

4 10-25% of soil remains on sieve after five dipping cycles
25-75% of soil remains on sieve after five dipping cycles

6 75-100% of soil remains on sieve after five dipping cycles

(2) Beerkan test #58n157AN15uNINTNVRIUNLUAY (water infiltration) L“fJumiﬁwmmmﬁmmmmm%mmﬁw
mﬂﬂimmmwmvmmemmmaﬂumumuwwmwum Imana’mmLmiﬂszmaqamuumamiwumuumh NTUAIII
amwmiLmsmjmmmmﬂmmwmumaqammmaumwimwzmmmmﬂwa%mm (Lassabatere et al., 2006) (Figure 2)
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Figure 2 Water infiltration rate calculation from the slope of the steady state
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(3) Bait lamina LilennasuAanssuvesddiTindu laannsils Bait lamina Fsilwaglaaidy Substrate adlufuly
wnd esanniwaglaaidussduszneviidndyvesaveiniis msgosaasvesweawaglaauy Bait lamina Jsuansléida
Ranssuvesdsd@inlufiu wenaind dumimesnisdesameiiintu Swendsfanssuiiintulufufiseduaudndsnetu
8nee (Van Gestel et al.,, 2003) M3te3ex Substrate d1M3U  Bait lamina vildlaensifugaglaaasluansaralonaiy
1 % auwaglaasinnudunila 1h Substrate Aldluldludmiidugidn 4 $1usu 16 suu Bait lamina 5819 substrate uvisA
i Bait lamina Tuilasluiiu (8 Suse 1 97) WWunian 2 dUami Aeuthanussidiulanislfesuuumstosaats substrate

[

A9t

ATWUU O Ve lsifimsgesaanoifiniu/dansd substrate gy
(Annsgesaans 0 wWasidus)

ATLUL 0.5 #1809 finseosaaneiiniuunsan/substrate wgluunsaau
(Annsdesaans 50 Wesidud)

ATLUY 1 N8R finsdevaanaiiniu/substrate wgluavun

(Ann1sgewaats 100 Weosius)

(4) Basal soil respiration %38 SituResp LH1u3En1sAnuAINTsuvesdaliTielufin mnUiinafeasuoulaeenlesd
fanudoseanainiu lagiaanufizevedumiveiunnaseasueulasenledluduiiiullussvuladuna 24
Hilus FaufzedananazviliiAnlalasaulessu (H) sivliAnanmidunsadssalit cresol red wWasudluaniiu wé
Je¥amsaeudiintulagldiades Spectrophotometer imueanan 570 uluuns (Thoumazeau et al., 2017)
(Figure 3)

Figure 3 Gel incubation for 24 hours (a) and the examples of color changing (b)

3. MsuATIsdayanani
(1) UssiiuAndaiinanin (quality index : Q) au33nTsues Obriot waany (2016) Tnefitunou dil
- fuunyateyaiidenisinu Tnsuvaduadvdauaniuannsiinseiluiesfianns uazardvdl
AMNMALIINNTATIEYBLATBeTe Biofunctool

- ATIERANULUTUTIUNGEDTR (@nalysis of variance: ANOVA) kagAnidanianizUagannuaduuang1g
msadanlglunisauin

v
o o

- AUIUANNINSFIUVBIIIAIR (normalized indictor score: Si) IMNANTAMNTADUAUBIVDIFITIN

o

- JiAsgniesAUsznouvesdayalaedl principle component analysis (PCA) lien1AIGNBUELANTY
(eigenvalue) wagAdNUTEANSAIULUIHU (percentage of total variability) wazldlunisarururidadealsuinin
(weighting factor: Wi)

- ARvaunm (quality index: Q) faauns

93 2. WImIansaNYaIuASUNS 11(2): 89-99
Songklanakarin J. Pl. Sci., 11(2): 89-99



Panklang et al. (2024)

n
Ql = zSixWi
i=1

ng  Ql Ao Avilannn (quality index)
Si Gk ANIRNTFIUNVRINTIA (normalized indictor score)
Wi Gh) Aladealadinin (weighting factor)

(2) BaszvidnaduaULUTUTINYREILUsIAgdE Redundancy analysis (RDA) Jinsievinnuduiusvestoyalay
T8 Co-inertia analysis JA51viANdUUsEANTaNEUTUS (Pearson’s correlation; ) NageuAULUTUTINTRTYA (analysis
of variance: ANOVA) wagvinnsiU3suifisua1tadenieis Tukey’s HSD Tagldlusunsu R-stat version 4.3.0

NANISNAABILAZ IR

1. BuswavassnvailoAuaNTRAY
Mnnnavsndvanifnuiiidnuusndefuunndratulasiinisluresuftinmsuasedesile Biofunctool wuaa
uansansaRRTe A TEan s e siulay UsnuBunde g sz 0.05 Tnenui Ausiudunsiedisnish
ihweshunnilan Ao 31.01 wuRiwasdedlus Taglifianuunnsamsedftuiuuuaiuiumiovunsedadaninnis
hiesiuwiiu 26.74 wag 14.13 wufiumsdedalus luvasifuiumidodanwnsinhvesduliosiian fo 8.98
wufasAodlu (Table 2) gonadesiu Cotler uay Ortega-Larrocea (2006) FwinnsAnwud3suiiisuaninnisyiily
Nuiifsinsldusslovdiinusaiu wazwuin ﬁqmjwLﬁymél’mis?iaﬁLﬁaawﬂuﬁuﬁ'wmﬁm eiveainavwningluiuegly
Sasrdaudiden Fsflanmansiidlufudindifiuiidy dmiuusinudunisTeglufu wui fAuudunsedvium

a -

Sun3vinglufuosdian fe 1.23 Wosidud laglifiruunnsrsadffunadunisiagluduinulufusiuesiu
sruwmilerunsededivTinudunietaginfu 1.53 way 1.48 Wedidud auddy TuvngdiAusrumier 3w
uvFeinglufugean Ao 1.64 Wosidust (Table 2) aanndosfu Somsu uazAe (2022) Fawud Tuituiiugndniiidnuas
fulufunilenay mJimmaummmdumummmummaﬂwm%uaﬂuiau LuaamﬂaummmiummuaﬁﬂivﬂaU‘mJ
UsvawﬁmwaﬂumiLmvammaimmnuaumﬂma 7 Tudu TnslawzegnsBseymaiunie ailéd Snvaeidefud
isfudsnaroautinu 3eldhnmnaaeuaiuusUnunnanuwniwesdnvasdefuiiunndstuseautirugeds
Redundancy analysis (RDA) WU 31.19% Y09ATILATIEHaNURARULANINNDNEWAYDINITIANITAU Tnenwuln Siiies 3.53%
Anndnundefufiunndneiu luumed 32.29% Anandvsnasiusewimsinnsiusasdnuusidefuiiunnaeiy
way 32.99% Ananiadudu (Figure @) wandliifiuiniswasuwlamwesaudfinu flFAnanAuuansesdnvaiile
fuilgsedrafion msliusgloniifuwagnsdnnisiumainmaneasduiinnuieadesiunsiasuulamemuninmain
yosiu MeanTRnensnmiazaniimaedivesiu Wy aumuinuseshy AUNTUTINVDIAY uazan T
yaaiu audunsadusvesiu UTinudunieinglufu anuuaniudsuuanlossu Uinalulasiausiy Ui
woavotauarlnunadouiidulsslon] Viinaueaifouuazuundifouiiuandeuld uazanmnsiilai ssd ns
WasuwUasiint uenatinansludeuinuasdsaureauanumant (Khunkrai, 2018)

2. AuauusYaIn1s AT Iziaulag a5 15U UAn1suayAaLATaedle Biofunctool
NMTIATIERANNFUTUSVR AN TIATIERAUla eI T luresu TR suazyaLAIeelo Biofunctool Al
Co-internia analysis uandliiiuin TuAuiiesduszneulueuniafuwmies lawn Ausruniieuasiusiumierunse

gimnuuandsiuvemalnseiAuilannIsnisluriesdjuinisuazyamiesiie Biofunctool 1NNINAUTIULALAUTI

Uuns1e (Figure 5) Mall eraiinannisieunafuwmiediiniulsieufiseniued awnsagadasigemnsiivlaviui lny

winedulessuuan wu ueadey wunfideuuasinuvaden uenainil eyniafuwmilerdadidnsnadeandfinisnianm

=

vpaRulnenszuIunsiinlaseadevuinanaesiu (microaggregate formation) (Kome et al., 2019) p819l5Anu Lile

[ 4

fnsanannAdulsyansanduius (Pearson’s correlation: ) WU AMANNMUILLLTILYe AU duUTE AN anduwus
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mavInfudsinadunieinglufuiiseautvdAy 0.001 Inefidrduusednsanduiusiviafiu 0.86 Nallo1ainainnisn
wnwnsnsinistadeyaliieuTuussiissdusiuiunislidiuudmven laglidinslansiusiv dewalvimnumuiiduvesiu

RGO

Table 2 Soil properties in each different soil texture

Soil texture

Soil properties F-test
Loam Sandy loam  Clay loam Sandy clay loam
Bulk density (g cm”) 1.40+0.11 1.26+0.14 1.43+0.17 1.34+0.15 ns
Hydraulic conductivity (cm h™)  26.74+18.02°°  31.01+21.27*°  8.98+6.01° 14.13+18.68% *
Organic matter (%) 1.53+0.28% 1.23+0.23° 1.64+0.28° 1.48+0.25% *
pH (1:1 w/w) 5.87+0.86 5.10+0.65 5.33+0.67 5.58+1.15 ns
AggSoil (score) 3.79+£1.77 4.10+1.29 3.94+1.40 3.66+1.80 ns
Beerkan test (ml min™) 68.56+35.72 68.78+40.11  34.00+20.17 31.44+22.42 ns
Bait lamina (score) 0.70+0.10 0.56+0.23 0.64+0.18 0.58+0.15 ns
SituResp (absorbance difference) 0.57+0.09 0.47+0.10 0.56+0.09 0.56+0.08 ns

Different letters were significantly different by Tukey’s HSD; * = significantly different at P<0.05; ns = non-

significance; The number followed + sign indicates standard deviation

32.99%

31.19% 32.29% 3.53%

Agricultural management Soil texture

Figure 4 Redundancy analysis (RDA) of the variance in soil properties into the contributions of
soil texture, agricultural management, their interaction and residual variance

#OAARDITU Zheng LagAug (2021) Bawudn AuilAnufuiinduegsening 15-35% avdanalnifinfuiinisiniy

kY

,
v a a £ v o e A a =

g (cohesion) NNINTY WBNANNT FINUIN USUUBUNIeInaldu U @NoandunusnIauINAUNaNISUY9F9NTInAUD

q

v v o

naaaUlneds Bait lamina wag SituResp Nszsiutpd1Agy 0.05 lnaliA1duUszansandunusyiniu 0.66 wag 0.68 AINEINU
Tmenan1TIAsIEinanssuvededldinaulagis Bait lamina uag SituResp dduUsyansanduiusnauiniuaudunse
Jusnsvesiuszauiedrdny 0.05 e Ineladuussansandusiusivindu 0.59 (Figure 6) Lilpsainianssuvesdeiidinlunu
denanon1stoaneveBuseaNT wazdwnadon1sNAuYeIUsuMBunseTagluiu (Jiao et al., 2018) agalshnny An
[ J a [ o = a a a ada a 1 a a
ANnudunsannaveshiu Wudadenislunsmivaunsinianssuvesddidinludunslufsuinuageay (Andersson and

Nilsson, 2001)
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Figure 5 Results of the co-inertia analysis performed between soil analysis results from the laboratory and

Biofunctool. Components of the standardized principal component analysis of the laboratory and
the Biofunctool data set (A), Distribution of eigenvalues (B), Sites sampled, beginning of the arrow is
the position of the site described by the laboratory data set and the end described by the

Biofunctool data set (C), Distribution of soil analysis results from the laboratory (D) and Distribution
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Figure 6 Correlation coefficient matrix, scatter plot, and phenotypic frequency distribution of
the laboratory and the Biofunctool data set. The correlation coefficient and the level of

significance are displayed as stars at the top of the diagonal; * p < 0.05, and *** p > 0.001.
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Figure 7 Soil quality index from the laboratory (a) and the Biofunctool (b) in 4 different types of soil;
loam (L), Sandy loam (SL), clay loam (CL), and sandy clay loam (SCL)
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