IB9IUN5IVY

d' Aau A d' F ) | U a d' =S
¥olnsams:  euNamsIetn 3: msldanudumsdSulyauaeninsu uazmsanmn
Y Y Y a IR
winazlnssadinalszrinssidgesaagasduNIgmenmmn
L a o d a d
AMEIdEY: 1NN INens, auwg YyasHun uaz Megay) nuantng
WU NHINENABVIUINY
nde:  ugarygmliiiInendsvenuny Uszditlauilszanas 2554

Q

Jvagnan: 2553 - 2554

unAnee
av 1 S =2 Y I o t4 a

ﬂ"li?]ﬁ]fJf’f’J‘L!LLiﬂlﬂuﬂﬁﬁﬂrﬂ”lﬂ”li%fﬂ”I‘lllﬂuﬁﬁﬂiﬂﬂiqﬂﬂil”lilQﬂllﬁiliajlim"’lli’)\iﬂu Tag
a d‘ 9 = dyd a d’d dal a wvAa A d‘ 1 [ A a
ﬂuﬂiﬂ)’ﬁluﬂWiﬁﬂ‘H1uﬂJ 2 BUA NUIUBAULUASAUTNUANWUIINGNUANANNU ﬂﬂﬂgﬂﬂuiﬂ‘iﬁf

& & a 4 [

(Khorat series: isohyperthermic, Typic (Oxyaquic) Kandiustults) Faufuawtionsresau HazYa
2 . . o . . G a
AU (Wahiawa series: clayey, kaolinitic, isohyperthermic, Tropeptic Eutrustox) Fauau

a A 1

4 1 1 { I [ a a o a [
owitied drumunlddnyuilumsdivlaundanniagavfediudaeves ligmalda
(Eucalyptus camaldulensis) N¥ae01nmsaadd 15991UR105emMBuaiIznsenuana1eny

a <3| 1 { a a § @ .
iausnuouinan lagdsiiuruluaaas SussniReuniioves)szme Ine (TK-biochar)

[ ~ Y v o = z a "9 1 A d a 1 ] A o
Tagaui lasumsaadentiunan Taonguiwiouiduauinuesaauihig a3 dune
@ an o @ 1 A A <3| 1 A a 9 ad . . .
UYIIANT WHIAVDULNU uazﬂsuwﬁmLﬂumumgﬂwaﬁmﬂn flash carbonization techniques
. t g a § ' <3 @ A a .
(FC-biochar) Fuiluaimswnildnnuiousdnesiaga Taslioasimsuguugi 25°C/min
= a 0 v Ay ya 0 I A X g ama o 2 A
wdagungil 350°c Taeldnsgangii 131 350°C Wunar 14w Fuiludsnwennaui
Hawaii Natural Energy Institute ¥¥1INg10881218 UsmAanigomsn auiuuHun1snaand
111 factorial in RCBD (randomized complete block design) U52nou a8 3 adensnaand fe
1) Au 2 ¥tia Ao yAAU InT1BAZIUEI, 2) 01U 2 ¥iA Ao TK-biochar 118 FC-biochar) Az
3) a0 s szau ae bildowwaz hildile, Tdldowualaie, ldow 1%, ldow 2%
I 31 v Aa [ ~ I = A Ao 1
wazldoiw 4%  wveurhwinaw  wazarunaeudunisAnyIszezevesauninisld
a ad 1 d' a A W a ~
asounIgangunmaemnlasunilasazmsasausunising luaunie luantinaaos
AT EATHAZ ANNTAIIHIAVDULAY E1UANINTE B 1NDINBI 39 TAavoULAY FaTin3

1 a 4 4 1 [ a, a,

ldasdunidaunm(esndsznoumanil) uanaenu 5 nssNATNARGY A NTTVIBAIUAY

1T A 1

£ (= 1 a =4 9 v A £ o A A
Glf\‘luliJiJﬂﬁGlﬁﬁTifJuT]iEJ, Glﬂﬂﬁuslﬂﬂ’mﬁ\i(groundnut stover) KIAITUAUNINEGY NA1IADN N

q U
=

Ha A A ° 9y ' . % =
qauananiuuaz Inavluead), lu+Muuzv I3 (tamarind)Ianuganiwiunals @ N,

q

a a an ] . v 1A o =~ o 1
antuuay Inavuealhunair), lunwa33a9 (dipterocarp) I9NUAUNINGT (U N @1 uall



Lo

a A =

antunag Inaflueage) uazvdn (rice straw) Falinmnmiuananeenlyd nande i

J oaj o 1y P [ v J 1 N A dy
paAlszneuivaud ualwag laagenga ludas1 10 aurenas Taglannl Undnwil
<3| { 1 J [ ! a o a 4
Wudld 16 Taeaauiiazidumsanyimihivesgaunidlagldmaiaou laduaz Tassads

a =4 Y A dy 9 a A A o ] a Al
Uszrnsgaunsd laewiunigos19inms lamainayd luananiinsdesaalsalsdunsong
AUNN

= Y1 o3| @ J a qg./} EZN a
MNMIANEINT Isaudluaslsvljaanuganauysalvesauiiy gauauiaveauy

[ =) d‘d Y o 3 9 anl d' =W

naalgnnu aunimseauagAaIny FC-BC WalumsigninnInansain 1 uag 2 a1 pH

v 4 H 1 E4 H k4 1
INTUAEATIveIn UL U T dauAuniinsnauagnAd iy TK-BC Wuisy

9 3 ~ 1 < 1 a A~ 1 4 1

uaasoonlumsigndnInansa 2 edrelsaawar pH  vosduanauielinigldils diu

a a A X o oA A4 = . A
Usua P lTuau mmu"lﬂmmamwmmumwmu TuzNaNUHUILUUSINYBIANAAAY

Y
% a

@ J A A 421 a a 9y A 3 A qu
MNBATIVOIMUNLAY MIaay Taveadn Ina (ANug)Ngnluasan 111y Mayadu
Taswuazgaauaden hildsuoninannwianazdasiniu uaazuaawalumsignive

v v v
AT 2 wuNyaau Ins 1z gaauNEe Andungniadny TK-BC uag FC-BC 1udnas 1,
oy @ n YA ' Y ] Ao 1 9
2 uag 4% Tagvimiin hildfianugauanaianu sadluiiidunadn anuguesdiaTnalu

v+

[ Qs: Y QaJl a = 1A d’ " Yo 1 9 9 [ =) [
m3siansegaiens 2 gaau Tanugannnaui i ldasuou udez 1asuilelusasufendu
A9 a = . A :’ Y Y 9
NTADUAUOIVBINFAIUNANAANIATININ (biomass) MIOUININLUHIVOIU12 Ina Tuns
:// dl 3 3’ [ Y 9 d' a 09/1 a " Y 1 =)
Ugnasan 11 ihmiinudevesd Inanlgnluduns 2 gadu lildaevaussaesianas
1Y U U n Yyaa A d‘ OZ a 09/1 v é
oaswesnu wazou lilaienswalums@eunasguantiauosgaauing 2 winin Feag
I~ a a 1 a 1 1 [} [ ] 1 1Y [
win 18910 pH vazlSuna P vesausznsauilauas laulaau lu'lduanaiady sndudas
Y v Y v
4% drumsgnisnaaeunsan 2 19 2 gaaufinauagniAa Ny TK-BC uaz FC-BC Tudns
1 ) Y g’ Y Y 9 =\ VA A " Y Y o 1 @ [ Y]
a1 M ldhminudsvesdn Inativinnnaun lu ldnaungnind1nuoiu kaaina1e195y
a A A a d' d' 3 Y 1 ] =
answavesnuantiavesaulasunlasldianisdumenin (u anunuiugu), nil
< o {
(pH, CEC, tazanuiluilse Tomivessiaomisis) wazdinm (malasuntlainediunia
= 9 a A d [ d' Aa A U 1 <
Fanwuaz Inseai 195y nsve9aun3d) outilean1aIndninavesniu 9619 lsnaiu
Y Y
dniwavesriauazdaoiunslugaaulnsisuazyaauiiden lulainidenuaiinves
a a a 9 :JI d' 1 =\ v A qul d‘
AurazMInIan Inveatn Tualunmsdgnasan 1 uaszlinasanulumsignivsasan 2
= 9 ~ a AlA o 1 a S 9
MIANYIMINNY0IgaUNITINNINMIdosTaIsaToUNT oA AU M8 Tdan1Izms
[ o a 1 4 4
1% (incubation study) laanyeu lad 4 vila laun o'l invertase, tou sl B-glucosidase,
o . P . A o Y A s a a A
1oy la3d peroxidase waziou L] phenoloxidase AMuNgesda1eeInlsenouduUNnIon
9 1 Y [ a S 3 a A A 19 [
aumumsdesdals laarnuluasounidanaununaluasounionlad lu lwiuag Tu

a S W A 1 Aa a T 9 1 a J . = Y A
eumm@qwﬁzﬁmﬂmﬂuﬂuagum WUN ﬂﬁ]ﬂﬁiﬂﬂl@ﬁl@ull“lfil invertase 311347 THUINY

Ll
v

=2 anda 1 a N4 ' o LA Ay A ' a A
Wulunanssuasaims ldensdunioasliluing C-soil @u hilimsldasdounid) uaz

e



=)

=1

. a d'd 1 a ada a 1 a3 = an a d‘d
N-soil (AuNIM3 ldmsounidgannamnaaneiluszezinal 16 1) Tasnssuis NTM (Aunl
[l )] ' 1 A I = aa Jd
mslalu+iunzamsiaoiouiluszezinm 16 1) Hfvnssnveueula invertase gafiga
Y as A Ao 1 Y ' ' A [ = '
AUAIBNTIVIT NTM+TM (Auiiims lalu+muuzvusaoiiouiluszeznal 16 1 vazla
1 [ a a { ] 1 a 4 { [ a J
Tunzaus2941 1 1%0) w5033 C-soil @un luimsladasounsd) nimsldarsounssd
Q‘ ] l A a { ] 1 a 4 1 0‘/ a 1
w11 v wunssuas c+GN @uinlidmsldensounsd vazldsnoraaadn 1y Ing)
aa L4 . A A = = o ' a A a A
Hnanssuveueu la] invertase gangalionlssumneuiunslaaisaunidrinou
1 = v A L4 . axAa ! a ~ J ' 3
IFUWAEINUAINTTNV 1oU 193] B-glucosidase TUNNNTTVATNTMNT lda1soun3das i Inaine
. oA o . A LA = = o axay 14 '
C-soil 1182 N-soil Htoulasl B-glucosidase Muga¥uion/somiiouiunssuasn lutinsld
a A9 ] 9 ag AAa J = 9
a1soun3oin 1 Ivy endunssuds NTM atinanssuveueu luigega uazluuaTvanaq
A~ 1 a A ] A as ..o Aaa o a
etinms ldasounidaslu v vaiziingsuds C soil nvnssuvevenlxidiga nanssy
o . ' an L oAa 1 a A 1 a
voaou 9l peroxidase WU 1UATINIT C soil MM laarsounsdaslyIniifanssuves
¢ A dal ~ an A A = 1 a =4 1 9
ulasimudy Taogeaigalunssuds c+™M  @uilutinsldasdaunid uazldlu+iu
1 [ =y a { 1 1 a o 1
wzwI 21097 11 ny) awdrenssuds c+rs @uiluiinmsldensounsd vazlawinwiadng
1 a H 1 1 a J 1 1 1
W1 11ny), c+GN wag c+pP @un liimsldessunsid vazlaluwaradn 1 Iny) asle
a 4 1 1 1 o a 4 a
arsounsdaldIvnilu N-soil  daulugiirlnnenssuveseuledanas sndunssuid
Aaa @ . A g Aa ¢
NRS+RS  Niinanssuvououlas peroxidase  1Wugedu Tuvmgnnanssnvoaou lad
. ag . A 1 a N 1 ' ag A
phenoloxidase 14nT5U3F C soil AIM3 ldansdunsdasll vy wuinssuis c+pp HAanT5N
g ~ Y ad 1 ag . Aa 1
Youou laigaiga MUAI8NTINIT C+GN, C+TM 1ag C+RS @IUn351IT N-soils NUMsld
a =4 1 1 ax A Aa 1 v a [ A I
m3ounIdad I Inununssuds NGN+GN  (Auniimsldsindlaasnoiioutuszezinan
] o‘/ a ] Aa 4 a
16 1 wazldanardaad T 1wi) TAvnssuvoaonland phenoloxidase gega amAIon3503T
a H [l [ 4 I~ ] ]
NDP+DP  (Aunimslalunaltsreiioadluszezina 16 3 nazlaluwarudlaing),
a { 1 1 1 4 I~ (] [
NTM+TM  (duntimsldlunzanusnaontouiluszezinar 16 1 vazlaluuzaiusrudila
] a { ] [ 4 I~ [

1) az NRS+RS (duniinmslasnvhatiniaeiiouduszezina 16 3 uagldsinhadrudn
] 3,' Y A { ] a J ] [ 4 I~ [ [ [ a 4
Tlny) edinssyasnlaasounsdedranaitoaiiumar 16 1 ua ludimsldesounsdaall

] 1 A, a 4 a
Tnai (N soil) Wu21n3503% NDP finanssuueaeula phenoloxidase gaga AuAIenssnis
NGN, NTM 1182 NRS

a

=] ~ o Y A dy A o 1 a S d

M3y seyIngauUN3 g Taaiundo s 1NNINTgoaaI0a1T0UNITIANAUN N U
a 4 { At 1 a o = a '
Auitiensehlimsldassuniadunaennuiu 163 Tasldmaiingiluana 1800 real
time-polymerase chain reaction (RT-PCR) (18¢ conventional polymerase chain reaction (PCR)

A o qy = [ ] a =4 1 [ [ A I
TUMSINUTIIUFUDY (gene  copies) WU MI lAEIIDUNTIAVUN WA NN UADIH DT U
seeznan 16 1 dwwademsilasunlaslnseadelszannss Taommznssuatilalu+du

U (NTM)  Imslasunilasyianazlsunavellssunssmana1anssuIso U9l



v o w ama 4 . ..
HedAy TaeI53nI 1 JUUDUANNKAINYA18VOIBY (terminal restriction fragment length
o [} { 4 a )
polymorphism-T-RFLP) 91nd108197 190 ol 2 sialumsdasumiz fie MSP 1 way HAE
{ a 4 { a 4
11 Tuvae HaveINIsIATIEH similarities 71 1A91NNITAATIZH non-metric multidimensional
A Jdo o
scaling (nMDS) 1a83% Bray-Curtis 91035 19teu lysidadumiz Ais MSP 1 uag HAE III
iy Y I ' adAa ' a o . = ' axd
FliwuNszanss lunssuIsnims ladea150Un3d (N-soils) IANUUANAINIINNTTUITN
= 1 a ad . 9 4 v o 1 ax
laisimslaansdaunsd (C-soi) wavnmslaou el MSP 1 lunmisdadumenuinnssuis
» 4 o 4 a9 ’ o
NTM fimsulasuutlasvesdszmnssunniiga vuziiniglgoulsl HAE m Tumsda
o 1 am =~ A 9 A Y
TUWINUNNTIVAT NDP  Imsiasuuilasveslassainilszmnisiuniga auaie

ad A = = v an A 1= 1 a N d
ATTNIT NTM LﬂJ’E’]L’]JiEJ‘]JmEJ’]Jﬂ‘lJﬂiiiJ’J‘ﬁ‘i/ﬂiJiJﬂﬁiﬁﬁﬁ’é]UﬂiEJ ©



Research report

Project title: ~ Report of the 3rd year of the project: The use of biochar as a soil amendment
for degraded soils and studies on function and community structure of fungi
decomposers of organic residues contrasting in quality continuously in the long
term.

Researchers: Patma Vityakon, Somchai Butnun, and Bhanudacha Kamolmanit

Affiliation: Khon Kaen University

Funding: Government research grant to Khon Kaen University, FY 2010

Period: 2009-2010

Abstract

The first part of the studies is the investigation of the use of biochar as a soil amendment.
Two soils which had contrasting textures and mineralogies, were employed including Korat series
(isohyperthermic, Typic (oxyaquic) Kandiustults) a loamy-sand textured soil, and Wahiawa series
(clayey, kaolinitic, isohyperthermic, Tropeptic Eutrustox) a clayey textured soil. The two types of
biochar used were made from eucalyptus (Eucalyptus camaldulensis) wood which was the part not
used as feedstock for paper making, i.e. top 3 meter end of a eucalyptus tree. The two biochar types
had different pyrolysis methods. One was produced in traditional method of Northeast Thailand, i.e.
traditional kiln (TK), designated as TK-biochar, and the other employed flash carbonization (FC)
techniques designated as FC biochar. The FC technique based on rapid temperature increase
25°C/min during pyrolysis to the highest temperature of 350'C which was maintained for 1.4 minutes.
This technique was developed by Hawaii Natural Energy Institute, University of Hawaii. The
experiment was factorial with 3 factors including 2 soils types, 2 biochar bypes and 5 rates of biochar
and chemical fertilizers, i.e. No biochar and no fertilizers, no biochar+fertilizers, 1% soil weight+,
2%+, and 4% + fertilizers. The second part of the studies involves a long-term experiment in a
research station (Office of Agriculture in the Northeast, Tha Phra subdistrict, Muang district, Khon
Kaen province) which organic residues were applied yearly. There were 5 organic residue treatments
of different residue quality (biochemical composition): Control (no residue application), groundnut

stover (high quality residue with high contents of N but low lignin and polyphenols; tamarind leaf(+



petiole) litter (intermediate quality with medium contents of N, lignin and polyphenols), dipterocarp
leaf litter (low quality with low N but high lignin and polyphenol contents), and rice straw which had
different quality, i.e., it had low contents of all the three biochemical components but it had the
highest cellulose content. The residues were applied at the rate 10 t/ha yearly. The studies of
microbial functions through enzyme analyses and microbial (fungal) community structure,
performing decomposition of the contrasting quality residues, reported herein, made use of soils from
year 16 of the long-term experiment.

The study on the use of biochar as a soil amendment showed that after harvesting of corn of
both crop 1 and 2, soils treated with FC-BC showed significant increases in pH over the control.
Meanwhile, soils treated with TK-BC showed soil pH increases over the control only in crop 2.
However, pH decreased under treatments with added fertilizer. Phosphorus (P) contents increased
while bulk density of soils decreased with increasing biochar rates. Corn heights in crop 1 in both
Korat and Wahiawa soils were not significantly affected by types and rates of biochars, but in crop 2
both soils treated with TK- and FC-BC at 1, 2, and 4% had higher heights than the controls. Corn
biomass or dry weight in crop 1 in both soils did not significantly respond to types and rates of
biochars. In addition, biochars did not significantly affect properties of both soils as indicated by soil
pH and P contents which were not significantly different between those treated with biochars and the
control. This was with the exception of the 4% rate of crop 2. In crop 2, both soils treated with TK-
and FC-BC at various rates resulted in higher corn biomass than the control. This was likely due to
changes in soil properties be it physical, such as bulk density, chemical (pH, CEC, and nutrient
availability) and biological (changes in microbial biomass and population), as a result of BC
application. However, influence of BC types and rates on properties of both Korat and Wahiawa soils
were not seen in crop 1 but it was clearly shown in crop 2.

Studies on microbial function in decomposition of organic residues contrasting in quality
under incubation experiment conditions were through investigations of 4 enzymes including
invertase, B-glucosidase, peroxidase and phenoloxidase. These are enzymes involved in degrading
organic compounds varying in resistance to decomposition. These organic compounds were
constituents of either newly added organic residues or indigenous soil organic matter. It was found

that invertase activity tended to increase in all newly applied organic residues treatments, i.e., in C-



soil (soil without organic residue inputs) and N-soil (soil with 16 years application of organic
residues). NTM (the soil treated with tamarind leaf(+petiole) litter for 16 years) had the highest
invertase activity followed by NTM~+TM treatment (soil treated with tamarind leaf(+petiole) litter for
16 years plus newly added litter). In C-soil treatment which received newly added organic residues, it
was found that C+GN (soil without organic residue application for 16 years but with newly added
groundnut stover residue) had higher invertase activity compared with those that received the other
organic residues. Similarly, B-glucosidase activity increased in all treatments receiving newly added
organic residues in both C-soil and N-soil relative to those without newly added residues. This was
with the exception of NTM treatment which had the highest activity of the enzyme but it decreased
when new residue was applied. Meanwhile, C-soil treatment had the lowest B-glucosidase activity.
Peroxidase activity increased in C-soil treatments that received newly added residues. The highest
activity was found in C+TM treatment (soil that had never received organic residues before new
tamarind litter was applied) followed by C+RS (soil that had never received organic residues before
new rice straw residue was applied), C+GN and C+DP (soil that had never received organic residues
before new dipterocarp leaf litter was applied). Addition of fresh residues into the N-soil brought
about decreases in peroxidase activities with the exception of NRS+RS. Meanwhile, phenoloxidase
activities in C soil receiving newly added residues increased and the highest increase was found in
C+DP followed by C+GN, C+TM, and C+RS. As for the N-soils receiving newly added residues,
NGN+GN (soil that had been receiving GN residues continuously for 16 years + newly added
residues) had the highest phenoloxidase activities followed by NDP+DP (soil that had been receiving
DP residues continuously for 16 years + newly added residues), NTM+TM (soil that had been
receiving TM residues continuously for 16 years + newly added residues), and NRS+RS (soil that had
been receiving RS residues continuously for 16 years + newly added residues). As for the N soil
treatments (those that had been receiving residues continuously for 16 years without newly added
residues), the NDP had the highest phenoloxidase activity followed by NGN, NTM, and NRS.
Microbial community studies emphasizing on fungal communities which decompose
contrasting quality organic residues in a sandy soil treated with organic residues continuously for 16
years, employed molecular techniques including real time-polymerase chain reaction (RT-PCR) and

conventional PCR in order to multiply gene copies. It was found that applications of contrasting
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quality organic residues continuously for 16 years led to changes in fungal community structure. This
is especially so under NTM treatment which showed significant differences in fungal species and
fungal abundance relative to the other treatments. This was determined by employing the technique
“terminal restriction fragment length polymorphism (T-RFLP)” which employed two kinds of
enzymes, MSP 1 and HAE III digestion-based T-RFLP. Analysis of similarity by Bray-Curtis
combined with non-metric multidimentional scaling (nMDS) based on two enzymes digestion
confirmed the clear separation of fungal community structure in C- and N-soils. The digestion of
MSP I revealed a clearest separation of fungal community structure in NTM soil followed by NDP
soil as compared to control soil. Meanwhile, the digestion of HAE III showed the clearest separation

of fungal community structure under NDP soil followed by NTM soil as compared to control soil.



