Soil amendment impact to soil organic
matter

by Widowati .

Submission date: 03-Jun-2020 07:27PM (UTC+0300)

Submission ID: 1337160020

File name: Widowati_Soil_amendment_impact_to_soil_organic_matter.docx (56.28K)
Word count: 7682

Character count: 37645



ue sI yomym ‘uaSoniu pue uoqred s J10s Yy asearoul o) juepodurr osye st ] “[¢°z] onel ualonmu
pue uoqred 2y} pue [RIqOIdTW O} SIJe[ar 31 se uoneSaisSe jios st Aypenb [ros ayy jo 1ojesrpur
pooS v -1ros ay) jo senaedoid syl 2ao0xdwir 0] pasn A[OpIm Ud2q JABY JUSWPUSWE [IOS SB S[ELIAJEW
orueSI() "9[qEpIOABUN 1B IS)BW OIUESIO [I0S JO S[3AD] paonpar oy} ‘suordar [eardon ujy -sjuerd
Joj syuatnnu apraoxd o) KqiIqe [1os ay) 10y 1w oruesio 10§ *[1] Arenb p10s a1 01 [eloAld
sI yotym (NOS) Jopewr o1ue3Io [10s MO[ 2y} 0] anp mo[ A[ereuas s1 pue] A1p jo Anpenb oy,

uonINPOIIU]

JUIWIPUIWIE [I0S SIIZI[ILIS) JUESI0 {danuewt {u10d fjsoduiod (1eyoorq :spromiayf

-2d£ 1108 yoea Jo sentedoid [eorsAyd o uo 10edwt ue sey 1 eyl os uonisodwod (Ke[o
“ISnp ‘pues) UOTOBIJ JUAMIISUOD [10S ) 1091Je sadK) Juowpudwre [10S Y], "2IUBW YIm 2[qelns
are sdnoiSqns ompIy [OSNUR Y, QINUBW YIM PIXTW YSNU 2011 WOIJ JRY0Iq PIm J[qeins sI
[10s [0s1daour [IYAY “TOSIIUS WOIJ SP[AIA UI0D 10112q 135 0] JATIOIJD ST ANURW 1M PIXIW OO UIOD
wox] reyoorq ‘sanradoid Teorsdyd syt pue ropew owredio [10s 2] 2a01dwl 0] SSAUIATIONJD JUAJIP
PEY JUSWPUIWE [[0S OB PAMOYS SINSAI Y], 1S3, 25uey] 2[dnnjy s, ueoun(g 3y} YIm panunuod
puB SSdS Ylm sizATeue eie(q -uoseas Sunuerd yoes ® [ BY N 5 GET puB ‘ By O S OI1 ‘;BY
S0td 3 00T yim pazIjiuf a1k sjuefd ‘(wo ()g-() 208jns ) woij Aisodwod e ur udxe) sem yorym
I9)jew OTUEBSIO [I0S PAAISSQO 0S|k sem 1] “sa1od oot pue ‘osaw ‘o1oew ‘Arsoiod [ros ‘sojonred J1os
‘Lysuap y[nq 108 ‘Kroededs uonualar 1ajem JI0s ‘In1X2] ‘AITATIONPUOD OINBIPAY paleinjes Surpnjour
“(3ySrey ur wd ¢ ¢ pue 1A)AWeIp Ul W ¢ sSunr) sopdures [1os joriur FUISN paAIasqo aram sontadoid
TearsAyd [0S *(JA () 2Inuew + Ieyoorq yoy3uar “g1 ‘(soql) 1sodwoo + reyooiq yoy3uar ‘1 ‘(INGH)
dINuBW + ILYD01q sny 201y *(] ‘(s9q1) 1sodwod + reyooiq ysny 201y *6 ‘(JAGD) 2INUBW + IBYI0Iq
qod uI0)) * g ‘(5992) 1sodwod + 1eyo01q qod wIo)) */ ‘(JA) 2Unuew udyIIYD) ‘9 ‘(s)) 1sodwo)) ¢ ‘(gr)
IeYo01q YONSUI[  “(gy]) Feys01q ysny 291y "¢ ‘(D) I1eyo0Iq qod wIo)) "7 ‘[onuo)) *| :SjuswieI)
71 JO P2ISISUO0D (10)0BJ ISIT 3Y) UT P2ISAU JOJOB] PUOIS) JUIWPUIWE [0S Pue (I0)IBJ ISITJ) [10S
Jo sadKy 9a1y], “Jros Jo Y @ Ul I9ZI[119] JrueSIo Yiim paxTw reyoolq ‘ad£3 uorjeurquod 1oj sSeqAjod
12d § g1 yoea pue ‘SurxTwr Jnoyirm 197119 omresio 1o reydorq ‘ad£) a[Surs sSeqAfod 1od 3 ¢
JO 9s0p ® Je USAIS Sem Juowpudwe [10§ ‘(sdnoi3qns orpiy josnua pue josndasur) Ae[d pue ([osTIUD)
pues Apueurwopard orom sojdwes 0§ -(arnuew uOIYd pue 1s0dwod) IZI[NI) JIUBSIO JO
sad£1 om ], yoy3ual pares Ansnpur 022eqol 241 Jo s1onpoid-£q ‘qoa U102 “YSNY 2211 WOIJ JBYI01q JO
sad £1 2amy1 pasn JudwiIad X3 Y ], "SUSISIP PAISAU 01 SUIPIOIIT PITUBLIE pue PIaff Ay ur paded arom
s3eqA10d "uoseas uoneiuerd puoaas ayl suunp Seqhjod e ur (£ 1(0g) 05e sreak 7 JUdWpUIWR [10S Y}
uo parjdde u2aq pey JOZI[113] JTURSIO pue Jeyoorqg “sadA) [10S JUAIIJIP ul uoseas uoneiue(d aziew
PU0S I} JSUIBSE JUSWPUIWE [10S JO SSAUIANIAYID Y] 2Jen[eA 0] swire £pnis oy, ‘sanradoid q1os
) 2a01dwir 0] UMOYS U22q SBY JIZI[IIA] JIUeSIo Jo s2dA] snouea pue Ieyoorq Sursn JUSWpuIwe
[10§ “AB[D 10 pUBS AQ PIJBUIWIOP [10S JOPBW JTUBSIO MO[ I0J JuBLIOdWT STJUIWPUIWE [10S JPBLSqY

UONBAI[ND WI0D PUOIIS J3Je sad L) [10s 3311} 3y) uo sanaadoad

[Bo1IsAyd pue Joyewn Jdmuedio [0S 0) Pedwn JjudWIPUIWE [I0S




UT SIOUAIIP SY) PuBRISIIPUN 0] I0JOBJ A3Y B ST INJBU S [BLISJBW MBI 2} JBY] PIUWIFUOD SATPNIS
[RIDASS "I PAIOUST 9q JOUURD IRYDIOIQ JO SRR MBI ) Ing ‘afesn mwyoo1q jo jordur ay)
235 03 s10108] Jueytodwr ay) Jo auo s1 adA) [10s ayp, "uonesidde [10s e ur sijoid a1y azmuTYRW 0)
Ted1yauaq 2q prnosm sanradoid 1os a3 Surouanpyur ur sadA1 SIAZI[NIA) JIURSIO PUB IBYD0Iq INOQE
uonewIojur Ay, ‘[¢¢] sio1eapur Ajenb [earsAyd s [1os uo reysorq jo 1oedwir 3yl uo 22IeIS SI
e1ep oyl “sonradord [eorwayd 10S U0 JBYJ0IQ JO 1931J2 Y1 0 UIATS U22q SBY UONUINE YOonuw IYM
“sjuawriiadxa

jod pue p[ayj ul SJUILNU [10S 2y} 2A01dwWI pue [10S Y} JO ANPIOB 2y 2INPAI ULD IBYI0Iq JBy)
pa110daI [$¢] "Te 12 Suayy pue [¢¢] "Te 12 [euf *[Z€] SMLIs SUSNUOIdNU pue 01dew 3} utacidur
Aq AN[NI9] (10§ ISBAIDUI O] UMOYS U23q sey Ieyoolq Jjo uomnediddy -pos ayy ur snioydsoyd
J[qQe[IeAR PUE ‘2FUBYIXD UOTIED ‘USF0NIU [B10] ‘IA)BW JIURSIO ‘U0gied J1uesIo ‘A1oeded a5urydxa
uoned ‘AJATONPUOD eI ‘[1€-67] Yd [10s sasearoul Ieydolq jeyl punoj platA s doio pue
‘yd [1os ‘uonuaar Jojem ‘sjuatpnu Surio)s jo Ayoeded ayy aseardur pnod days sy g, “S[IOS JIpIow
JO Sumwr] J10j JuaSe UE SB 108 UED JBY) SJUSWQ[R JAyo pue ‘wnisauSew ‘snroydsoyd ‘wnrssejod
‘wned surejuod reyoorg |[gg] sensedoid os oyl aaordwn 0) I9ZINI9) [BINJEU B SE [[2M SB
uonensanbas voqres 10y Juade renuajod v oq ued reyoorg *[£z'9z] 1sodwos punoid ayy aaoqe yd
QU} 9SBAIDUT UBD JBYDI0Iq SB ‘p)) PUB UZ JO ANIR[IBABOIq 2] Suronpal ur jsodwod uey) JuArdIJo
arow s1 reydorq jey) papodar os[e aaey sarpmis YO [cgz] 2oueisisar uopenouad pue ‘o
doepms ‘Aoeded Suipjoy 1ejem ‘Aj1suap ynq se yons ‘senzadord [eorsdyd [1os jo swos paSueyd
yorym ‘eare aoejns pue Aysorod ySiy ypm [emejew JyS1 AI19A B SB PAZIIQ)IRIBYD SI TRYI0lg
[+ spre1k aaoxdwr 0) rouonIPUOD [108

© se pasn aq os[e ued Jeydorq “[¢z-17] senraedoid [10s juarayyip spape Juawpuawe reydorg (0]
[10S 10J 2INOS [BUOTINNU B S SISYIO UBY) [QEIS IOW 2q 0] PAIIPISUOI ST ILYI01q ‘JUSWPUIWE
[1os o1uesIo 9y} Suowy “JUSWpUIWE [BUOTIPEN} 2y} JO uoneper3ap prder ay) Jo asnedaq JNIIPIp
s1 sonpisar oruesio ysaxy SuiKidde £q Ariqes seSarsse [10s wie)-Suo] SumrBIUTRW ‘I9AIMOY
‘lo1°6]

S[108 papersop 2a01dwr 0] Pasn U2aq SeY ‘AUNUBW UIDIT SB Yons ‘s[erajew oruesio ‘Aprepuis “[|7]
[10S JO AJISUIP Y[Nq 2} $IoNpal amuew Jo uonippe oy ‘[£1°91] p1a1k s,doio asearour pue A1iajf
[1os 2aoxdwir 0} JuoWpUSWE [RINJEU B SE Pasn Ajapim u92q Sey 1 ‘1oej ur ‘oonoerd uowwod v
SI JOZI[TMI9] B SB INUEW JO 3sn 2y [, “s1ojearpur Arenb [eorsAyd os uo amuewr jo sjayy9 ay) Inoge
UOTRULIOJUI JUSIDIJJNSUT [[1S ST 219} ‘IaAamoH “[ST1-¢1] 1ros seniadoxd [earSojorq pue [eorwayo
‘TearsAyd 103 Tenuatod 192132 aanIsod 9Y) 2ABY (AINUBW SE YINS) SIAZI[IMI] JIUBSIO [BUONIPEN J)
1B} Pa110dar SIAUDIRISAI JWOS [RHIBW JMUEBSIO UT Y211 21ensqns € s11sodwod *[71] 01 Surpiodsy
1sodwod st 1aziia) owesio rendod 1sow 9y c[11] Junowk YIII A UT UIAIS JI [10S Y}
ur Ajddns Juamnu pue snwny 108 JO UONBWLIOJ dU] I0] PIPUAUL SI SIIZIIIJ) OMUBTIO JO 28N YL
“UoOTRIAI3Te JO POOYI[RYI] ] SISLIIDUI JUUOI AB[D ISYSIY B 2IR[J2p

[01] ‘e 3@ NI ‘JOAIMOH "[I0S PINIX2]-3SIL0D 2yl uey) Indul [eLIJEW JIUBSIO 0] 2AIsuodsas
10w 2q [[I4 $2ILTAUT3e [10S PaImXal 2yl eyl pauodar [g] ‘[e 12 omuan ‘[g] Ae32I33e su
193]J8 uBd 1Ry [10S JO uorsIadsip Yl 31QIyul ued ‘WNID[BI SB YINS ‘SUONEI [10S JO smyels pasordw]
"9,,.9°¢1 £q [osndaour jo An1sorod [10S Y] SUISEAIOUT PUB ‘%EC [T

3

Aq Aypiqers s, 01889133 oyy Suiseardur ‘Lwd T g[°() Jo AJSusp Y[ng ) SPRIFIP ued S[EHIEW
J1uesio Jo uonippe ay) eyl paurejdxa [£] e 12 msseAnpy ~aangonns aiod [10s aaoxdw ued aseasoul
Ia)jew OTUESIO [10S AY) Jey) pajels [g] npeN pue soukel SJUSWPUIWE [10S JTULSIO JO UONIPPE

ay) Aq uoqred oruedIO UI ASBIAIOUT UB Pamoys G| ‘T 12 Joyossng ‘[f] ANIa [10s Jo IoJRdIpUI




WO 67 X (O] JO 0URISIp
e s 2d£) pros oy £q prary 2y ur paded Ajwopuer azam sjod ayp -opsodwod ayy ur (wd (g
- ()) 20BMINS [I0S Y} WOIJ udye) aram sajdures [ros (josnua) qros Apues jo adA) suo pue (sdnor3qns
oy fospua pue josndaour) Aep jo sad£) omy ‘pue] emymouSe jo sadA) juarapip LaIyL

-Sumoea] Juaynu-y31y 9y sasned jeyy A11oeded
a3ueyoxo uoned Mmo[ pue ‘ranew omwesio [1os 1ood ‘Ayfiqe Suipjoy-1lem MO[ YIm (JOSHUD)
pues £q payeurwop st [10s 9y, ‘o) jo udwdoaadp 2qjoid 10s InoYlm [10s Sunok sey Yorym
(3 W0F OF (TIT ‘S 4€T .0 ,8) ownsnjoouod 12K (g) pue ‘(osndaour) mo13 ued jey syuerd
Auew jou os prey pue y3ry a1e suonoelj Ae[d Y[, [0S [eImnorige pajurel ; pue[AIp ur Sunnsal
‘wosAs UONES LT INOYIIA BOIR [EIMNOUSE UR ST YoIysm ‘Suopudy] Junofy jo sadofs oy} uo pajedo]
SE(S (8791 - (0¥ 6 PUe d (19°6T - (S6 17) arediey] 10msipang () (sdnossqns onpry [osnuo)
uonoery Aepd ysiy pue syuarnnu p1os 1ood ypim Sunok A[sane[ar pue ‘(wod ¢ > ypdop [10s) uozroy
Mo[Teys Jo 1ae] e sey 11 Jey) os Juatudofoaap 1oynng odropun Jo£ ‘syerour [ros ur juawdojosap
Jo aqjoid [108 OU 10 ST YITM *SPUR] Y31y A} UT PAILIOY ST (S , 8,61 o8 ~uSLIOT o8 PUEH ,+9,6T oTI1
-,0€.€Z oZ11) oAmuouo(q 12msi( (1) :21am soys Surpdures oy ‘A[eorydeSoan “Aears pauea vom
SIY} UT $O1ISTIDORIBYD [0S 3Y) Sk Sue[ey JO UOISAI WIANOS JY) Woij udye) sem ojdwes [0s ay],

JuauUnDaI] JI08

"‘KouaBay
Suepepy ‘10mmsiq neq ‘aSe[A SunSeoA[npy ur jued jusunean 2)sem paleISOUT UB WOIJ UIYE)
sem Jsodwrod 2)sem OMESIO “PIT ‘PIRJWOD) BAB[ U] WOI] U E] SeAM JINUBW UNOIYD) "JISeM
redrorunw woij Jsodwod pue aNueWw ud1Yd woij paonpord 219 SIDZI[IIY] OTUBSIO DINUBW OM],
-30d oy ur q10s 2y 03 pargdde Apoarp arom s1eYOOIq YSNY 2011 pue ‘yoySual ‘(ww 7 > 9z1s) qod
w109 pPaysnI)) “sAep 711 Je pasearey azrew rayje sanradord [earsAyd [ros jo juawamsespy “pajuerd
SI UI0D oy Jey) 10)e sAep , I0J pajeqnoul pue A[USnoIoy) poXIWw dIom IOZI[NIJ) dOruesio pue
Teyoorq pue 10§ - 10d 3 (¢ 1 se A[oanoadsar ‘1oziniaf JWeSIo PIM PAXTW JRYI0Iq JO JUIWIRAN
oy 1ng ‘10d 8 0pg Apeandadsar ‘A[Surs parjdde arem 19z1NIo) owesio 1o reydorg ‘sdeqkjod
OJUT PIAOW 1M 2} 3Y @ Se yonw se ‘Jurdrp e e [1os josndoour ayJ, "Apnis sIy) ur pasn
OS[e sea SOTISLIOJORIRYD 251} YIm Teydorg *[9¢] ‘e 12 nemopipy £q paniodar sem SONSIIdORILYD
IRUDOIq IIM W 7 URL) IOW ST JRYD0IQ PAAIS pue pariq "jq werms) Suepnr) ‘4 Je auop
sem ssa001d YL, " D,00L JO dmieradud) v je sanunu G 10§ eng uorsnnxa sisfjoikd £q paonpoxd
sem dsem ANSnpul 0d5eqol yoysual woil Ieydoryg "ANSIFATUN Imape33un], euemnyqli], 18 auop
sem $$3001d YL "D,00€ - OSE JO dmerddwal Y 18 SINOY f IO JISUIPUOD pue Jo1eredds yim
wAsAs s1sA[0IAd pag paxiJ v AQ 9pBW 219m SN 2011 PUEB qOd UI0D Woil Ieydolq Jo sadAl om],

uonanposd 1az14af Aunsio pun apydorg

POYISIAl PUE S[BLISJEIN

-ad £ pros yoea
JI0J JUQWUIBI] SJUSWIPUSWE [10S 159q I} UnuI2p (7) pue sad £ [1os juazaygrp ut sentedoid [eorsAyd
pue JoJewl JIUBSIO [10S O} uoseas uoneue[d azrew puedds 0) JUIWPUIWE [I0S JO SSIUIANDIIYD
Ay AeneAd 0} (T) 21 Apnis 2y} JO SWIE Y[, JUSWPUWE [10S € Se JeYd0Iq 2y} JO dduewIofsed
ay uo oedwrr ue 2ABY UIN) UT UDIYM SIUSWIA[R Jeyd0lq JO uonounj pue uonisodwod ay)




uoyponddp fo sipal o 1a1fp 421101 MU S0 JI0S Y] UO 2IUIN[UT JUIUPUIUD 10§
UOISSNISI(] PUE S)[NSIY

046 =0 Y 189) ooy-1sod 1S3,
ordnny uesung £q pamoqoJ (VAQONY) 2dueLRA JO sisA[eue pue uSisap Apnis 2y 0 Surpioooe
(VSN “NED (€T UOISIOA aremijos §SJS i pazdjeur d1om eep oyl ‘'t = jd pue ¢'g
= 3d uooMm]9q 20USIAIJIP A WOIJ PAUILIGO SeM JUAUOD 1Ajem a1od osaw ayJ, "0 £q pandnnu
7+ = Jd 1e Junuod 19/eM woIy pajenofed a1d4 satod omrwu 9y, (00l £q pordninw usy) pue
¢z = 1d pue () = jd U2amI2q S[OAI[ JDJBA UT DOUIIIJIP 9Y) WOIJ PauTeIqo 2194 sarod o1oBW [10§

(1) 001 X ((dS/ad - 1)

:(1) sbg emnuuoy Surmorog oy woiy ynsaz 2y sem Ly1sotod 10 (JS) soponred [ros 2y Jo JyS1am
oy pue (qg) K31Suap J[ng [10S JY) UMUIIAP 0] Pasn Sem ) G()[ 18 PALIP Pue [9ABIS pue §]0oI Jo
Iaquinu 2y I0J PAJIALINd sem YoM ‘JyS1am AIp (10§ "7 = Jd pue ¢'7 = jd usomiaq st uonuajal
13em o) J1 syuepd 10] 19jeAm 9]QR[IRAR POOD) "MoO[2q wolf parjdde seam amssard oy ‘1R 1917y “MoO[)
01 I21em A1 MO[[e uayl pue ‘(( = jd) 121em YIIm PIBINIES SBM PUNOIS A1 ‘T10S Y1 Jo Aoeded
UOTIUQJAI I2JEM ) INSBIW O, *POYIAW I2]WOIPAY AQ PISSISSE SEM 2IMIX2] [10S Y] {PUE ‘poylaw
peay JupIsucd Ay Aq painsedw sem (DHS) ANANONPUOD JNNeIPAH palRInIes SPOyIaw Yor[g
pue A3[EAA SUISN PAINSBAW SBM JUSIUOD UOQIed J1uesIo 9yl {(1:1) OfH l10J pamnseaw st yd [10§

sojdures uefd ¢ Jo (%G1-01
JUQUOD 2IMSIOW) UI0I AIP ) UO PAINSEIAW UM SPJAIA WI0d YT, 108 JI-LIN U} Woij udye)
aram soqdwes wog " (wo 0z-0) 0BIINS Y] WOI udye] 1sodwod ) sem S[AI] JoNjeW JIUR3IO
[10s 23 amseaw 0] sa[dwes [10s 2y I, "Juswainseaw santadord [earsAyd [10s 10] uaye) Sem 0BJINS
o) woxj ydop wo G B woxj (JYSIeY W ¢ G PUE JO IJAWRIP W § ylim Sull e) sajdwes [10s 10BIU]

SISCIoUD [PINSIDIS PUD STUAUANSDA P

“(dVd |7 uaym gv( /Sunuerd 191je s{ep asop ¢/g pue / a3e je asop
€/1) ;U N Jo 3 ¢ pue ey O jo 5 011 pue (Sunuerd L[snosueinuwis) | ey sOid Jo Y 001
pareanno juepd e ‘[f pue [ LN SuLIng "¢10Z ‘{1 AIRnue[ U0 PAIONPUOI 1M 108 3 Jo santadod
[eatsAyd a1 pue Jonew OJMUBSIO [I0S JO SUONBAIASQO AL $107 ‘0T Joquedd pue ‘{107
‘£ 1Sn3NY U0 PAISIAIRY PUB UMOIS SBM UI0D Y] ‘[[-LIA 10 "PAASIAIRY 10U 1M SWAIS pue sjueld
a3yl Jo $1001 AL, "L 10T ‘t 12quianddg U0 parsaAIey pue ‘LT ‘61 ABN UO (I-LIN) uoseas Sunuerd
1817} a3 ur pajue[d seam w102 AL *L 107 ‘L ABIN UO Judunean) o) Suipiodde parjdde amom SIOZI[IIL)
J1UBR3IO pue Jeydorg “(JNF[) 2Inuew + 1eydoiq Joy3ua[ -1 (saql) 1sodwod + reyoo1q yoysuaf 11
‘(NG 2InueW + JBY201q YSNY 201y “01 ‘(52q1) 1s0dwod + 1eyod01q Ysny 201y "6 ‘(NG D) 2Inuew +
IeyD01q Q02 UI0D) R *(5292) 1s0dwod + IBYD01q QO UI0D) “/ “(JA) ANuBW UNIIYD "9 (D) 1sodwo)
'S *(dr) Teydolq Yoy3uar “f *(g) IBYd0Iq YSny 90 "¢ “(4D) Ieyd0Iq qod W0 ‘g ‘[oNu0) |
:A[owreu ‘syuaunean g1 dn apew (J0)OBJ ISI1J 2Y) UI PISIU SEA JRY) JOJOBJ PUODIS 2U]) JUSWPUIWE
[10s pue (J0)de} 1811y aul) [1os Jo sad£) eanyy, “[e10) ur sSeqA[od $9g 219m 2191} 0S JUSWIIEAN) OB
Ul UI0D JO SANALIEA JYT19 219m 2y [, “suonnadar 221y} yiim usisop pajsau B ul Jos sem [BL) Y[,

uS1sap (piuauliadxsy




paanpoid jou are spjar£ dorod 3sog prat& dord oy pue [10s jo pury Aue ut 1os jo sanradoid TeorsAyd
ay ur JuswaAordur ay) g Pamo[[0] 10U SEA ISNBW SIURSIO [I0S UT aSRAIOUT A, [OSTIUD AY) §103]Je
0228q0] A[IYA ‘q0O WI0d seM dnorSqns 1Y) [OSTIUS UT I9)IBW JTURSIO [108 U} $103]J8 IR ITRYD0IQ
9yl ‘J1os Jo sadA) 2aryl ur [onuod 01 paredwod UdYM PISBAIOUI SBM JUIUOD JAIBW IIUBSI()
T 9IqeL ‘[1os Jo sadA1 2yl uo paseq 1097J2 SNOLIBA Y} MOUS APNIS SIYI UI pasn Ieydolq Jo sadAl
Qa1 [, ‘wrd] Suof 2 ur Aenb 108 a3 2a01dwi 0 Juswpuswe druesio Tenualod e se uoneosrdde
Ieyoorq Jo 2ouenodwy ayy SWYSIYSIY 1 2I0JAIAYL IONBW OMUBSIO [10s JO uonisodwoosp
91 103138 [[I4 1uAU0D Ae[d pue ‘A[ddns uadAxo ‘ammisiow (10§ ' J[Ge] ‘UNUBWA+ILYI01q JoyFual
pue 150dwoo+ILY201q GO UI0I JO UONBUIQUIOD Y] AQ PIMO[[O] SBM ISBIIOUT U, “OIYII] [OSHIUD Ul
A7uedrjiusIs 1apew J1URSIO [10S Y] PASEIIDUT JUWILAI] IBYI01q qod uIo)) "sdnoI3qns omypif [oSnud
UITA JUDIIMJIP SBM [OSOUD JO Ia)7ew d1uesIo [108§ uonedrjdde Jo s12a4 0m] 12)Je [0NUOD YIIM IdNBW
JIUBSIO [10S IB[TWIS A[OANR[I B UI PAnsal Jsodwod 10 amuew Yim IBYd0lq [[8 JO 3sn paulquiod
9L, "Teyo0Iq qod WI0d A[ISe] U PUE ‘IBYO0Iq OO UI0D PIMO[[OF ‘Ieyoorq Yoy3ual 1ayje 1soysiy
oy sem JudwaAordwr ropew OSweSo [10s Ay ‘[osnud uf “sdnoiSqns JIYII] [OSHUD puB [OSHUD
ur I2)JBW OIUESIO [I0S JO judw2AoIdwI JPUNSIP B PIMOYS ISZIILIA] JTUBSIO UlIm Pauiquiod pue
913urs yog "1 J[qeL ‘T10s Jo 2d£] [0STIUS U0 SJOIUOD WOIJ JUIIJJIP OU A ISIMO] 2] SBA INUBW
IIyM I9)jeW JTURTIO 108 1SAYSIY 2y} PIsealdur Jeydorq yoysuar ‘ros [osndaesur pue sdnordqns
J1I] JOSHUD Ul JAJew OMmESIO0 [10s 1ddge ApuediuSis uonesrjdde juswpuswre [10s oyl [V
-91e5a1335e 1918w JTURTIO [TOS OIdTW A}

asearoul A[[emuaA2 pue asea1our sajegaiise [1os jo uontodoid ayy ‘vrjofisiaang 1 s 1973950}
porjdde uoym ‘19A9MO -"SIBaA om] uryim [osnm ur sojeSaiSSe jJo AIqels oyl 109pe Jou S0P
suore uonedrdde reyoorq ‘[gF] “Te 12 oSung 0} Supioddy ‘[/+] Anfrqels syeSa133e (108 asearoul
uBd [10S ) UI JBYOO0Ig “AINURW JO | BY ] G/ I PaxI] udym uone3ai3de [10s pue uoqied owedio
[10S U22M]}2Q UOTB[AIIOD OU PaAIdsqo [9¢] “Te 1o muyury “Anpenb qios jo sroyesrpur juepodur oy
Jo 2uo st yarya “Kipigess 91eSai35e Jros oy asearour A[[enjuaad pue uonesaI3se [10s 0) INQLIUOD
ued 19))eW JTUESIO 10§ “pue] £Ip U0 I2)jeW JTUBSIO [10S JO S[IAI] SY) ISEIIOUT 0] pawTe Apnis SIy[,
“sonsualoeIeyd 2d£) [108 [[e 10 9[qeIms 2q jou Kew uononpoid reysoiq

e nj-ozis auo Jeyl payiodar [Gf] 1assIp pue epAI] ‘[ios jo od£) oy) uo poseq 22159p UTELD
e Aq Lroedes Suipjoy 191em s I0S pue ‘[I0S 2y JO Juajuod uoqred Furaordwi ‘(syun g )-1°0)
nos jo sad£y [re o yd a2y Sursearour Apuesrjiuds ‘urSuo jo ssappredar ‘reyooiq jey) suredxa (4]
“Te 12 BYSMOSIOG “AIII9] [10S paseardur ysnoay) paziear am sontadoid 108 uo Ieydoiq jo $109jJ9
aanisod 2y, *[g] TeYO0Iq P JO JUSWATRUBW 21SeM PUE ‘dININOLISE ‘UONO0Id [RIUSWUOIIAUD
ur (01 2ANISOd B UMOUS JARY OPIMPIOM PAINPUOD SAPNIS [RIOAIS “PAIA0ISIPAI Suldq
MOU ST 11 Ing ‘sIeak AueW JOJ UMOWY U2 Sk 1Byl s1onpod Juswpuawe 108 JY) JO 2U0 ST IeyI0Tg
“[Z¥] skep 1 Ja1je sjonuod 01 paredwod | 3) FW ¢191-96+ Aq ANANOR [RIQOIONU

Ayl pue “%p€'T 01 %07°C Aq U0qIRd dueTIo [10s oY) ‘swtod [¢T] 01 () usemIdq yd [1os oy
sasearout reyoorq ‘[[4-6¢ ] 18Y201q Ylim PAJUBYUD 2q UBD [10S Weo] Apues pue Ae[d ui sjuefd ai) o)
Anigerreae 121em pue Aroeded Surpjoy-1ajem 10§ "UOTIULIAI IdJeMm S, JI0S O} SSBIIOUI UBD IRYD0Iq
Jo Kysozod paseaour ay) ey parels [§¢] "B 19 yeaoN ‘[10s 211 Jo Arjenb [eoisyd oy Sutaorduwr ur
orox yueuodur ue s£e(d juowpuawe [1os Jo uonedrdde ay ], *[£¢] woqoid Anuifes pue AI[Iqe[IEAR
I2]eM JO 2SNEJ2q OP 03 J[NOLFIP UJO ST T ‘1oAamoy “rnuew Sut[dde pue 1soArey I9)je sonpisar
doio Sulae9] ‘19400 PUNOIT SE YONs “I3PeW JIUESIO [10s 2y aaoidwl 03 s{em [BUONIPEI} WOS B
I3y, "2IN]STOW [10S SUTBJUTEW PUE IJNQ © SB $IOB JOZI[IIJ] OTUeSI() “[10S 2Y] UT S[R1IDJEW J1UBSIO
pue sjue[d ur sjuaIINU JO YOB[ A} AWOIIAA0 ued A2y} asnedaq reyndod L1904 are s12z1mIaj oTueSIQ




‘1108 Jo 2d£) renonred e ur J1Jouaq A} SZIWIXLW 0) [BIDIJAUAQ 3q P[NOM SIDZI[TLIJ] JTUBTIO
pue 1eyoorq jo 2d£) yoea jo 109Jj° 2y} Surpuelsiopu) "s[onuod o) paredwod NN Jo 25esop
PIpUAWIIOIAT ] JNOyIMm Jo im parjdde s1 reyoorq uaym paseardur AQUedIJuIs sem JUIUOD
ourz pue ‘ny[ns ‘snioydsoyd ‘oSejuadiad ropew oSruedio 2y se yons ‘sapgaedoid [1os awos [at]
2d £y pros yoeo ur pros jo sanradord [eorsAyd swos operap 10 aaordwr ued reydorq Aq papraoad
Ianew Jruwedio Jros Sursearduy Jros Jo adA) yoea ur 1w OrueSIO JO S[RAJ ISAYTIY AY) WOI)

9




Table 1. Results DMRT soil organic matter, soil bulk density, soil particle and porosity on the type of soil.

Soil Organic Matter (%) Bulk Density (g cm™) Soil Particles (g cm™) Porosity (%)
Treat Entisol Entisol Ince Entisol Entisol
ment Lithic Inceptis Ent Lithic tiso Ent Lithic Incept Enti Lithic Incep Ent
Subgrou ol isol Subgrou P lL isol Subgrou isol sol Subgrou tisol isol
ps ps ps ps
Cont 1.2 1.3 23 412 45
o 136a 1.19a 1 12¢ 13e ' 21a 22a ' 4382 : '
ol ns ns a la
abc
1.6 1.1 25 61.5 54
CB 376¢ 207b 3 10a 09a ) 25cd 24¢ed ’ 606 ¢ ’ ’
ns ns 2b
de
L1 1.2 25 60.8 52
RB 2.52 cde 205b 9 10a 09a ) 2.4 bed 25e ’ 602c ’ ’
ns ns d 6b
abc
JB 2.71 de 2.36b L7 10a 09a A 2.3 abe 23bc 24 542b 614 32.
2e ns ns d Ib
1.2
Cs 2.54 cde 209b 6 1.1 ab 09a - 2.4 bed 23 ab 25 536b 61.0 33.
abc ns ns d 4b
d
M 239¢ 2.13b 0.9 1.1 ab 09a - 2.4 bed 26e 25 57.0bc 61.5 >4
6a ns ns d 7b
1.5
Cbes 303f 1.98 b 4 1.1ab 11 3.1 2.4 bed 25de 24 56.1be 340 52.
cd ns ns b 9b
cde
1.4
CBM 199b 2.18b ! 1.1 ab 12d L1 2.4 bed 25de 24 559bc 53.3 32.
bed ns ns b 7b




Rbcs

RBM

Jbcs

IBM

1.0
236¢ 201D 6 1.0a L0 L1 23 ab 24 be 23 56.3 bc 74
ab ns ns bed
ab
1.2
276e 2.08b / 1.0a 13 = 23 ab 24be 24 57.0bc 600
abc ab ns ns cd
d
12 1.0 1.1 24 554
244 cd 2.26b 0 I.1b : ’ 26d 23bc ’ 539b ’
ab ns ns bc
abc
1.3
6 1.0 I.1 23 57.7
300f 2400 bed I.1b ab s 2.4 bed 24bc s 5400 bed
e

51.
9b

55.
7b

51,
8b

53.
3b

Note. Different notations show the difference between fertilizer and biochar types in each soil but the same notation shows no difference;
DMRT test with @ =5.

The quality of organic fertilizer is influenced by the composition of the base material and the level of decomposition. In this study, manure or
compost provides a relatively equal influence on soil organic matter after 2 years in each soil type. The soil organic matter content is rapidly
declined with sole manure application in entisol and entisol lithic subgroup. Changes in soil organic matter and soil physical properties also
have the effect of fresh organic matter from the roots of corn during the first growing season. Pandit et al. [50] states that biochar increases
soil moisture, available potassium, and phosphorus. Biochar is much more effective if the groundwater is plentiful (+ 311% biomass) than in
water shortage condition (+ 67% biomass). Other than that, biochar has a stronger effect in nutrient depressed conditions (+ 363%) than
nutrient-rich one (+ 132%). Each corn planting season (I and II), the urea, SP3s and kel fertilizers certainly improves the growth and yield so
that the fresh organic matter was added through the crop’s roots.

Soil amendment influence the physical properties of the soil

Soil texture determines the potential soil fertility because it can affect the water-holding capacity and the water movement in the soil. Gwenzi
et al. [51] said that biochar potentially improves soil and crop productivity through the increased nutrients content, soil water availability, acid
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soil improvement, and the stimulation of microbial diversity and activity. Although two types of soil in this study have the same clay texture,
any type of soil amendment gave a different effect on the sand content. Sand content was increased by 68% after corn cob biochar application
but the other treatments showed a relatively similar effect with an average rise of 15.4% in entisol lithic subgroups. In contrast, an increase of
83.7% in sand content was observed after corn cob biochar, manure mixed with rice husk biochar or jengkok biochar application in inceptisol.
The joint use of corn cob or jengkok biochar with manure contributes better to the increased sand content level than single-use, except for
corn cob biochar, Table 2. In line with Zhang et al. [52], rice straw mixed with biochar could be the key in restoring degraded land. Similarly,
combining biochar and compost to soil also improves the soil fertility. The effect of compost has been well-known to improve soil
characteristics, including soil structure and water retention [53-56]. In contrast, sand content after manure application was decreased by 12 9%
in entisol. The use of three types of biochar and compost, when given by its own or mixed, showed a relatively equal decrease in sand levels a
5.2% decrease in average.

The dust percentage in various types of soil tend to be similar with the control in entisol lithic subgroups, except jengkok biochar combined
with manure, and in entisol, except corn cob biochar. But, it is observed that the increase of dust percentage was very prominent in inceptisol
soil type after jengkok biochar or corn cob biochar+compost application, followed by organic fertilizer treatment. In entisol, the increase was
observed after corn cob biochar and manure treatment. Texture and soil pore space will affect the soil water retention ability. The coarse sand
fraction is dominated by the space between the particles, which causes rapid drainage, fewer nutrients, and are sensitive to drought. Dust held
more water but slow in drainage. Compared to clay, which has very small pore spaces and interconnected, water movement becomes very
slow, but clay soil is highly capable in absorbing water even though not all of the water is available to plants to absorb [57].

Pravin et al. [58] reported the levels of soil organic matter determines the weight of the soil contents. The results of this study indicate that
increased soil organic matter content can both reduce bulk density and increase the soil particles. Application of biochar lowers the soil
density from 1.4 to 1.1 Mg m™ in highly weathered soils in Asia with low soil fertility and high soil erosion potential [8]. The results are
consistent with the value of soil bulk density was much lower after treated by organic amendments rather than without amendment and NPK
fertilizer [59]. Compared with NPK only application, NPK with biochar is more effective in improving soil organic carbon content. The
application of biochar to improve soil bulk density [60].
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Table 2, Results DMRT sand, silt, clay and soil texture on soil type.

Sand (%) Dust (%) Clay (%) The soil texture
Entisol Entisol Entisol Entisol
Treatment
Lithic Inceptisol Entisol Lithic Inceptisol Entisol Lithic Inceptisol Entisol Lithic Inceptisol Entisol
Subgroups Subgroups Subgroups Subgroups
17.7 Sandy
Control 12.2a 92a 80.6d 124 a 24 9 abe 754b 659e 1.7 ns Loamy Loamy
ab sand
723 Sandy
CB 205¢ 18.0d 17.0 ab 227 ab 26.3d 625a 59.3 dac 1.4 ns Loamy Loamy
ab sand
6.5 202 Sandy
RB 13.7 ab 12.0be 16.2 ab 27.6 cdef 70.1 ab 60.4 bed 33ns Loamy Loamy
dac ab sand
715 17.3 Sandy
1B 13.9 ab 11.6 abe 20.1 ab 300f 660 a 58.4 abe 52ns Loamy Loamy
bed ab sand
4.4 222 Sandy
Cs 15.3 abc 135¢ 20.0 ab 29.6 def 647 a 569 a 3.4 ns Loamy Loamy
abe bed sand
259 Sandy
M 15.3 abc 12.7be Tlda 18.3 ab 29.7ef 664 a 576 ab 2.7 ns Loamy Loamy
od sand
70.7 213 Sandy
Ches 16.7 abe 10.6ab 150a 296f 683a 59.8 dac 1.6 ns Loamy Loamy
dac bed sand
8.2 20.2 Sandy
CBM 17.3 be 13.5be 19.7 ab 253 be 630a 6l2cd 1.6 ns Loamy Loamy
ed ab sand
774 18.0 Sandy
Rbes 15.7 abe 11.3 abe 18.3 ab 265 cde 66.0 ab 622d 4.6 ns Loamy Loamy
bed ab sand
793 Sandy
RBM 16.7 abc 16.7d 137a 21.7a 160a a96a 6locd 4.7 ns Loamy Loamy
od sand
6.8 20,0 Sandy
Ibcs 15.5 abc 13.1be 17.0 ab 263 cd 675a 60.6bed 32ns Loamy Loamy
bed ab sand
4.6 213 Sandy
JBM 13.7 ab l6.1d 24.1b 230ab 622a 60.9 bed 4.1 ns Loamy Loamy
abe be sand

Note. Different notations show the difference between fertilizer and biochar types in each soil but the same notation shows no difference;

DMRT test with @ = 5%.
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The provision of soil amendment can increase the porosity of the three types of soil. Soil porosity was higher on a single type (biochar or
organic fertilizers) than the combined use in inceptisol. The corn cob and rice husk biochar application showed similar results and were
better than other treatments on entisol lithic subgroups, Table 2. Soil porosity of entisol showed the same results on all types of soil
amendment.

Corn cob biochar increased the sand percentage on entisol lithic subgroups and inceptisol. Inceptisol, in particular, the increase was the
same for both manure combined corn cob biochar and jengkok biochar. In contrast, a decline in sand percentage was observed after
manure application. Dust percentage was increased after jengkok biochar combined with manure application (JBM) on entisol lithic
subgroups. On the other hand, jengkok biochar with compost and corn cob biochar combination showed a better increase in the dust
percentage than other treatments. Corn cob biochar showed the highest contribution to dust percentage increase on entisol.

The soil amendment lowered the clay content in entisol lithic subgroups but no real effect on entisol was observed. Compost was the best in
reducing the clay percentage in inceptisol, Table 3.

The hydraulic saturated conductivity was increased in entisol lithic subgroups and decreased in entisol, but no real effect on inceptisol
was observed after soil amendment application. The highest observed increase in entisol lithic subgroups came from manure combined
with corn cob or rice husk biochar, Table 4. While the lowest decline was observed after corn cob biochar application on entisol.

The soil water content (pf 0) was increased in entisol lithic subgroups and inceptisol but declined in entisol. The soil amendment
application resulted in the same water content volume in entisol lithic subgroups and entisol. In contrast, husks biochar provide the
highest water content volume in inceptisol. The water content of the soil (pf 2.5) was not significantly different among all treatments in
entisol lithic subgroups and entisol soil types, but significantly different in inceptisol. Corn cob biochar combined with manure showed
the highest water levels. Soil amendment application showed a significant effect on the soil water content (pf 4.2), especially in entisol
lithic subgroups and inceptisol. The decline in groundwater levels was observed in the control treatment. T he highest water capacity of
wheat biochar followed by corn biochar [60].




Table 3. Results DMRT saturated hydraulic conductivity and water content on soil type.

Saturated Hydraulic

Water Content (pf) O (cm®

Water Content (pf) 2.5 (cm® cm)

Water Content (pf) 4.2

Conductivity N (cm? cm?)
(emh™) (Field Capacity) (Wilting Point)
Treat Entis Entis Entiso Entiso
ment ol ol | |
Litie P B ihie e B ki e B e e B
tisol isol tisol isol tisol isol tisol isol
Subgr Subgr Subgu Subgr
oups oups roups oups
Cont 54 32 0.44 0.5 041 0.30 0.2 0.17 g1
ontr 17a : C052a : ' : : 6 033 f : 3
ol ns 2d a Tc ns a a
ns ab
04 0.2
CB 97b 11.8 10. 060b 0.61 3 0.42 0.37 9 0.19 0.32 0.0
ns Sa de ns cde cd f 9a
ab ns
1. 04 0.3 0.1
RB 9.0b 107 3 060b 0.62 3 0.39 0.39 1 0.19 0.25 3
ns e ns de cd cde
ab ab ns ab
14. 0.3 0.1
B 132 93 5 060b 0.61 04 0.38 0.39 0 0.17 0.28 3
ns de 9b ns de abc def
abc ns ab
13. 0.2
c 84b 98 8 057 0.60 04 0.36 0.39 7 0.20 0.23 0.1
s ’ ns ab de Ob ns de de bc 6b
abc ns
0.3 0.1
M 3h 120 21. 058 0.61 04 0.39 0.39 ) 0.18 0.24 3
’ ns 3c ab de Ob ns de bed cd
ns ab
Chbes 9.8b 95 17. 0.62b 0.53 0.5 0.42 0.34 0.3 0.19 0.28 0.1




ns 9 c Ob ns abc 1 bed def 5b
abc ns
114 13. 058 0.58 0.4 0.39 0.38 82 0.16 0.29 0.1
CBM 198d 1 6 8
ns ab d ns de ab ef 4b
abc ab ns
19. 04 0.2
Rbos 18.8 92 g 0.60 b 0.59 5 0.42 0.39 9 022 e 0.29 0.1
cd ns d ns de ef 5b
be ab ns
14. 04 0.2
RBM 230d 15 9 063b 0.61 5 142 142 8 0.14 a 827 gl
ns de ns e cdef 5b
abc ab ns
14. 0.2 0.1
Thes 9.5b 10.1 7 0.61b 0.51 04 0.42 0.32 4 0.18 0.19 )
ns b la ns ab bed ab
abc ns ab
142 109 18. 0.55 0.4 0.42 0.35 12 0.18 0.25 g1
JBM bc ™ ! 4615 c 4 ™ bed / bed cde 2
abc ab ™ ab

Note. Different notations show the difference between fertilizer and biochar types in each soil but the same notation shows no difference;
DMRT test with o =5%.

Corn cob biochar combined with manure was the best to increase the percentage of meso pores on entisol lithic subgroups. But corn cob

and rice husk biochar showed the same increase in meso pore yet still better than other treatments on entisol. Compost showed the highest

increase of meso pore in Inceptisol, while the application of single corn cob biochar or in combination with compost showed a decline of
meso pore in inceptisol. Each type of soil amendment can increase the macro pores in clay soils and lowering the macro pores in sandy soils.
Jengkok biochar was the best to increase in the percentage of macro pores on entisol lithic subgroups while corn cob biochar was the best

on inceptisol soil.




Table 4. Results DMRT pores and weight of corn on soil type.

Meso Pore (%) .
0 L¥
Macro pores (%) (Water available) Micro pore (%) Weight of corn (t ha'!)

Treat Eztlls Eztlls Entisol EETS
ment Lithic lr.1ccp Ent Lithic lr?cep Ent Lithic lr?ccp Ent Lithic lr.wcp Ent
tisol isol tisol isol Subgu tisol isol tisol isol

Subgr Subgr Subgr

roups
oups oups oups
12.

Contr 111a 13.7 30. 754 129 9 1306 16.9 88 4392 348 28
ol a 8¢ bed a a a 0a
abc

19.
237 231 155 20. 190 13, 507 6.54 54
B 178b d a(i) bed de le bc 381 3b ab b 2b
12. 6.1
RB 210 227 16. 20.7 14.7 18. 18.6 24,7 5 5.90 6.93 5
cd cd 8a bcd cde S5e bc cde be b
ab cde
B 2154 213 l_;s,' 21.7 11.3 l;' 16.6 28.0 162- 540 643 51'8
bed ab bed bed ode ab def ab abc b be
C 210 18.7 21. 160 b 18.8 11. 200 228 15. 5775 6.76 6[;0
> cd b 7b : e 6a cd be 5b be b Cd
M 19.6 21.7 17. 20.1 153 l:?' 18.4 24.1 13. 6.59 6.65 62'6
bed bed 3a be de be cd 4b =7 e b
de def
19 16.
19.7 198 ’ 234 6 18.6 28.2 14. 5.83 6.51 6.7
Cbcs 2 53a
bed bc bcd bed bc def 8b be b 9ef

ab




CBM 193 200 12- 235 8.9 lj- 156 295 14. 5.93 6.96 69
bed be bed ab ab ef Ib be b 0f
ab abc
13 g3
195 15. 20.1 103 ’ 290 15. 6.07 6.68 6
Rbes 18.1b be 9a be bed / 223d def b be b cde
abc
f
12 64
208 192 17. 145 . 272 15. 5.84 768 8
RBM cd b 2a 282d cde 2 14.1a cdef 3b be b cde
ab
f
12 6.3
Thes 189 185 17. 24.1 130 11. 183 19.3 3 ’ 5.66 6.70 1
’ bc b 2a cd bed 8a bc ab be b cde
ab
f
14. 12. 6.5
IBM 18.7 199 17. 240 9.7 2 183 253 5 6.20 6.35 0
be be 8a cd abc abc be cde be b
d ab def

Note. Different notations show the difference between fertilizer and biochar types in each soil; DMRT test with & =5%.

Each type of soil showed different changes in micro pores after the application of soil amendment. Micro pores has declined on entisol
lithic subgroups but increased in entisol and inceptisol after applications. The highest decline in micro pores was observed after corn cob
biochar combined with manure (CS + Pk) application. Almost all types of soil amendment showed similar micro pores percentage
compared to controls on entisol lithic subgroups. The biggest increase in micro pores was observed after corn cob biochar application in
inceptisol. However, the increased micro pores in entisol were relatively similar to other soil amendment types, Table 4. The results
showed that each type of soil amendment changes in the percentage of micro pores depends on the soil type and interestingly, similar soil
texture could have a different effect. It was increased the micro pores in inceptisol but decreased in entisol lithic subgroups, and relatively
equal in entisol. Husk biochar combined with manure application is more effective than corn cob biochar cob combined with compost on
entisol lithic subgroups. As with the inceptisol, corn cob biochar is superior to improve the micro pores. In contrast, all kinds of soil
amendment contribute the same as control except corn cob biochar on entisol.
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The soil amendment application increased soil porosity. Increased soil porosity resulting in a three-fold increase in surface area which leads
to the increased water-holding capacity of biochar [61]. Biochar contributed to the increase in soil porosity of entisol and inceptisol. The use
of different types of biochar and organic fertilizers in a single application was better than combined in inceptisol type. While in entisol lithic
subgroup, the use of both single or combined showed similar results.

Saturated Hydraulic Conductivity determines the water volume that goes into the ground. The biochar influence on the establishment of a
macro aggregate was deeper in sandy loam soil than in clay dust [62]. The addition of biochar significantly increases the formation of macro
aggregate and slightly increases the Saturated Hydraulic Conductivity of the soil. The changes in soil structure increase saturated water
content while residual moisture content was decreased by biochar amendment. The results showed that the application of soil amendment
contributes Saturated Hydraulic Conductivity differently on clay soil, one is increased in entisol lithic subgroup while another was similar to
control. Each type of biochar and organic fertilizers contributed equally to the Saturated Hydraulic Conductivity increase on entisol lithic
subgroup. The use of biochar mixed with manure produced a higher Saturated Hydraulic Conductivity than mixed with compost on entisol
lithic subgroup. Each type of soil amendment influences relatively similar to the decline Saturated Hydraulic Conductivity on entisol soil type.
Poultry biochar application were significantly lower (p <0.05) compared to other organic amendments. Compost, biochar fertilizer, and
non-compostable produce better corn growth and the yield that were significantly higher compared to the control treatment.

Macro pores are increased in clay soils but decreased in sandy soil. In general, the soil amendment application relatively increases the macro
pores on entisol lithic subgroups and Inceptisol, except for jengkok and corn cob biochar. The decrease in macro pores will have an impact on
increasing the ability of the soil to hold water will have an impact on improving the ability of the soil to hold water and aeration. Soil aeration
for oxygen in the soil which is crucial for plant root respiration [63]. Soil aeration is highly dependent on the groundwater, soil texture, and
porosity. Soil with higher clay content will decrease soil porosity.

Micro pores (slow drainage) is the determinant for soil’s water-holding capacity. The research result of Hseu et al. [64] showed that the
porosity and size of aggregates increased after being given biochar, by 16% to 22% and 0.59 mm to 0.94 mm. Water availability was
observed to increase significantly in the biochar-treated soil due to an increase of micro pores.

The retained groundwater from field capacity (pf 2.5) until the permanent wilting point (pf 4.2) is called the soil water availability, which
indicates the water volume that can be absorbed directly by plants. According to Karhu et al. [65], water-holding capacity has a very
important effect on drought-prone land. Increasing available water on soil would be beneficial to plants. According to Ma et al. [59],
increasing water retention in the soil can be attributed to an increase in soil organic carbon and aggregate stability. The significant correlation
between organic carbon content and water and the average diameter of the aggregates confirmed the relationship between the improvement of
soil structure and its ability to supply water. Research result by de Melo Carvalho et al. [60] showed the biochar effects on soil water
retention capacity was associated with the effect of the porosity of sandy loam soil. It was further reported that the use of biochar as a soil
amendment could be a viable strategy to ensure the stability of the results under short-term limited water conditions.

Retention of soil moisture at field capacity (pf 2.5) of the clay soil showed different results: it was not significant on entisol lithic subgroup
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but significant on inceptisol and entisol. Soil amendment increases water-holding capacity or field capacity of inceptisol soil. Field capacity
indicates the maximum amount of water that can be retained by the soil against the gravity. In this situation, most of the soil micro pores are
still filled with water which also available for plants. The use of biochar and organic fertilizer alone or blended showed the same soil moisture
retention, except for compost mixed with jengkok or corn cob. Wang et al. [66] stated that soil moisture was increased but not on plant
growth after biochar application.

Permanent wilting point (pf 4.2) indicates the soil moisture availability is lower than the plant requirement thus plants will wilt permanently.
Almost any type of soil amendment gives the same contribution to decrease the wilting point, except for corn cob biochar combined with
compost or manure.

Soil amendment affect the maize yield of on three types of soil

The soil amendment showed a significantly different effect on the outcome of dried corn in every soil types. The best corn yield was
observed on entisol lithic subgroups after manure treatment (6.6 + 1.4 t ha'!) while the other soil amendment tends to have a similar increase
(52 + 1.5 tha'). In inceptisol, various types of soil amendment produced a relatively the same average (6.7 + 1.2 t ha). In contrast to the
entisol, the best yield was observed to be the corn cob biochar combined with manure application (6.9 + 0.98 t ha'!), whereas the other soil
amendments were 6.3 + 1.1 t ha'!.

Biochar application increases wheat grain and straw yield by 15.7% and 16.5% respectively, and the root biomass by 20% [67]. This suggests
that biochar retains nutrients and water to increase grain productivity. The fresh and dry weight of tomatoes, pepper, and lettuce were
recorded to increase after biochar treatment than other treatments. Similarly, according to Akca and Namli [68], soil amendment with
biochar increases the plant yield, enzyme activity, soil organic matter content, and improve soil properties.

Manure increased the crop yield by 50.1%, while other types of soil amendment only 18.5% in the entisol lithic subgroups. Different types of
soil amendment increased crop yields by 92.5% in inceptisol. It seems that the best crop yield at entisol lithic subgroups was the result from
the variations of the soil physical properties due to manure application even though it showed the lowest levels of organic matter at the end of
the observation. Although the use of jengkok biochar gave the highest in the improvement of soil organic matter, the physical properties of
the soil also affects the outcome of the crop yield. According to Schnell et al. [69], the level of nutrients in biochar amendments was
significantly lower than inorganic fertilizers. Three types of biochar improve the soil properties and increase crop yield and nutrient
accumulation in grains of pea plants [70]. Biochar increases the availability of nutrients for plants and improves the quality of the soil for
plant growth. According to Chan et al. [20], the addition of biochar promotes positive changes in soil quality, such as acidity improvements,
increased cation exchange capacity, and improve the environment for root growth. This increases the efficiency of nutrient absorption by
plants.

The corn crop is planted on sandy soil with low on soil organic matter, available nutrients, and water-holding capacity. For this reason,
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adding biochar could lead to an increase in water and nutrient retention. Biochar cane and eucalyptus waste can improve the soil aeration and
water infiltration [71]. The use of soil amendment on clay soil will give a different effect on increasing crop yields. The availability of
resources, such as water and nutrients, is a major determinant of biomass production and its partitioning between roots and shoots [72]. This
implies that any kind of soil requires specific amendment material input to get the most effective crop yields. Soil organic matter is not the
only determinant of crop yield but there are still physical soil properties that also affect the yield. The results of this study, especially on clay
soil, were in line with Yeboah et al. [73], which showed the benefits of the combined application of manure and biochar for better maize
production. Surprisingly, the results of this study were not in line with the Jetfery et al. [74], who conducted a meta-analysis to investigate
the constraints report that land and crop yield increases by 25% in tropical soils with the addition of biochar was largely through the
influence of liming and nutrient (nitrogen and retention of potassium, phosphor, and pottassium availability). Conservation agriculture is
precision farming, which combines minimum tillage, crop rotation, and residue retention. Biochar amendment could be a part of that
combination which could improve crop’s yield on sandy acid soils, but no significant effect on yields of corn on neutral clay soil [27].
Biochar composition can affect crop yields and soil biota, in some cases increasing soil microbial and in other cases causing toxic effects
[75]. Likewise organo-mineral fertilizers [2:10:1 (w/w/w) mixture of sulfur, compost and potassium humic] as much as 5 and 10 t ha’
significantly increased the cucumber and reduce the effects of water stress [76]. But organo-mineral fertilizers [5:2:1 (w/w/w) mixture of
green waste compost, elemental sulfur (S) and humic acid, respectively] can reduce soil salinity and bulk density and increasing the total
porosity [77] and increase ficld capacity and water available in the newly reclaimed saline soils [78]. The use of organic compost and mulch
can reduce the negative effects of water stress and increase grain yield and forage sorghum in the newly reclaimed land [79].

Conclusion

In entisol, corn cob biochar mixed with manure decreases saturated hydraulic conductivity (59.3%) and macro pores (67 4%), and increased
soil organic matter (16.5%), porosity (16.9)%, micro pores (60.2%), and maize yield (146.4%) compared to controls. In inceptisol, rice husk
biochar mixed with manure decreases the soil bulk density (23.1%), clay fraction (6.4%), water content at the permanent wilting point
(41.2%), and increased soil organic matter (135. 3%), soil particle (9.1%), porosity (45.6%), sand fraction (81.5%), macro pores (40.1%),
micro pores (60.9%), water available (12.4%), moisture content in the field capacity (30%), and maize yield (120.7%) compared to controls.
In entisol lithic subgroups, manure decreases soil bulk density (9%), clay fraction (12.2%), micro pores (44.6%), water content at permanent
wilting points (45.5%), and improving soil organic matter (75.7%), soil particle (14.3%), porosity (30.1%), sand fraction (25.4%), dust
fraction (47.6), saturated hydraulic conductivity (652% ), water available (168%), macro pores (76.6%), and corn yield (50.1%) compared to
controls.
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