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ABSTRACT

This study is composed of nine treatments [Control : “no neutralizing layer+vegetation layer” 3 cm, Treatment 1 : “no neutralizing
layer+vegetation layer” 5 cm, Treatment 2 : “no neutralizing layer+vegetation layer” 7 cm, Treatment 3 :“neutralizing layer (cement
3 %)+ vegetation layer (cement 1 %)” 3 cm, Treatment 4 : “neutralizing layer (cement 3 %)+vegetation layer (cement 1 %)” 5 cm,
Treatment 5 : “neutralizing layer (cement 3 %)+vegetation layer (cement 1 %)” 7 cm, Treatment 6 : “neutralizing layer [(Ca-Mg)CO;]
+vegetation layer” 3 cm, Treatment 7 : “neutralizing layer [(Ca-Mg)COs]+vegetation layer” 5 cm, Treatment 8 : “neutralizing layer
[(Ca-Mg)COs;]+vegetation layer” 7 cm] to find out the vegetation effects according to neutralizing layer types of the acid drainage slope.
There were no significant differences observed in soil hardness and soil moisture content of neutralizing layer type while highly
difference of moisture content was observed according to the neutralizing and vegetation layer thickness. As for soil acidity, strong acid
was shown in the control, treatment 1 and treatment 2. Neutralizing effects were outstanding in treatments of 3, 4, 5 (cement treatment
group), 6, 7 and 8 (limestone treatment group). Concerning plants growth characteristics, surface coverage rates, number of
germinating woody plants, plant height, and plant root status, there were excellent effects observed in the experimental groups mixed
with cement (treatments 3, 4 and 5) and limestone (treatments 6, 7 and 8). At the initial stage, however, plant roots were negatively
affected in cement layer treatments of 3, 4 and 5. However, no difference was shown in each layer thickness on the acid drainage slope
whereas 3~5 cm thickness neutralizing layer was appropriate in consideration of economic feasibility.

Key words : Soil acidity, Coverage rate, Number of germinating woody plant, Plant height, Plant root status
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Selbeks SERAe] Yol AHAHO 2 B, iR
AR 8 AR 24 5 2k L lsle] sk v
& A F7IL gl FAlelTh 2 g sk §
Aspe] aAkle] Asto = e ke 9% ek o
7Neo] AgHm glovk, SelEAel WAlsH Hge] 55
288 o glo] A Aste A8a A3t ) AR
% A, 5909 5 B #AZE kb glrkLee e
al., 2013).

1

=

<)

T2 HE sk ALIGE frels SekiEs) 2o Sol
=0 Tk BAE =) B2l Qlom 1 sfske Al Sl

ThLee et al, 2013). 3PgE-2 SEuiet difEe] H< B3kl
A &3] d ik ope), 2214 9 S3A1e) e okigk
59 SRt Welie 33 P A= BEE HE WA
°F 20 %A=} rislo] Sltk(Fig. 15 KIGAM, 2017). 5hd&
(sulfides)> B2 E2] 4218, et oh4o] wbs, Iraid
T Tl ARkl ofste] A dEr(Matlock et al., 2003),
ARV, vy, Asl 9] At 4 Bl efste] Asge] =Ew
o] g4k} ukgElHA kS AAJSIAL ARE HAIA
B ZAE op7lskaL SlthKim, 2007).

Aaa7 L e g Tk Eel-s)sh] Aege]
AL Hlgo] Wo] S A&FA T AA] Glof aAo|7] Hah
Z(Smith and Bradshaw, 1979), 1795} %3}2 o]l AYeja]
Ak 7Fsst AHE, EE, T H3)es sk
Aol A3t FAo]t(Jeong et al., 2010). o]¢]] et jero =

Al W) SRS BAeh, A%e] A%l g

=
Swor—

I »:1c020ic coatbea
I e sovoic volcanic rock
]: Paleozoic metamorphic rock

Tertiary sedimentary rock

Fig. 1. Distribution of Rocks with High Potential of Acid Drainage
(KIGAM, 2017)
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= 2PY7IES TfEgele] 2o R sjEshe el el
AR Loy (Lunt, 2003), A=A G- B 7|&o] w|5gl
Agolk

Al A wlEHe] AdEE]l =3kE Sfeixle 2] A%
S =S AVEITE Pths A3PES T3P a
APdEgTE mARE e 2 sl 2ol vlEE = A
ljof FFHKIGAM, 2017). 2Hgufe] s AAleh= o=
S3p3E 7o) 2x0)aL 9 ok(Matlock et al., 2003),
EREFAIN FelES AEAR ARSI M) B
e 739 abdrare] WS ekl oAsk] ofehe A
07§l SN AA} Ao FslAElt TFesk Bet
o] Q3 Lee at al., 2013).

Al A vl N PshdE ARAEE ARG
5E] 2hgulre] HAS A7 SHH R AAE 5 AN
TR = AT e A F3RdE SH A2S skt
A ZFste] 2 guag IAIE 4 QLom(Kim, 2007), 519
AelZ shtelx] A 2dulaTE Al el ofste] 21A)7]
W2 sl 2o ks Wsfshn g, o] & sidaty] $1%
Rte 2 58] Al el 35S Zdshs o] e
S 2Jehs Alse A3 443
(Ca0), 2x413][Ca(OH),], ©:F413)(CaCO;s), ILE(MO), AHIE
T Wi Aio] At Zlo = e EAE(pH)E =43
FojoF s}(Chung, 2012), T352] 7= s
785 BART O] st A AR A gk Sl Bk
71ZA157) dasith AR A7ET 815l ARSE A3laE
[(Ca-Mg)COsJ= B &S Fislod= k7H(pH 8)= A+
ot F3tol] 11 ARo] Axg =l aHlgo] FARZE
HHPER= hgo] QItkKim et al., 2008). ¥HH, AJHES= 23] 1E
o] wlsf 7FAo] AgdslaL Rkg<er) W o] glovt F55o
HigHE AIE $heko] 5 %ol 3 A dEel] 9% 2]
a7t vepd 5= glon R Fop7t aEn Agellx] o] tigh
HT7F AEH g o] Fojzjof & AoJtKIGAM, 2017).
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T 2P7WRPE SeldER] s FoMES AR & TES
W ARTE 2438199tk

U, AR, AR ALl AR RENRSIE, e,
JETlz, vk, SR S0 uighd £AE)E 1 om, 2 om,
3 cm TR o] ST AT E 1L VI
°2 K,HPO, 1 g7} NaHCO; 10 g& &3} 3149381 30 1 /m’e]
RGNS APHS ol TUEHA AbEsle] AFEES Xeska,
AT, A4, HA5TE AHETL 3 % EFE 7RIS,
A6, AFTF, AP8T+= M3|E[(Ca-Me)COs]7}F 10 %
E3hd A7 S 22t 1 oem, 2 cm, 3 cm AR F3Eke
IS ZBISITE o] F F3k5 AP flo] IoREE IR
e 5 iz, AR, ATl 36T, AT, LT
= AP S 2R7MIAEE 2 em, 3 em, 4 cm AR SS9
0, AF3, A4, A5 A ARET) 1 % S5
2RY7MERE 2 em, 3 em, 4 cm FAE FESl] WSS 27t
223813t )(Table 1). &72] =71 1x1 m (1 m)e] ApzkEe.
2 g we} 97le) AEE 39k Jelsle] & 2770e) A
£ 20184 4¢ 1999 $Hdsksck

o

22 BAME 2OI8 X TEY
FA|2A1E-S Ministry of Land, Transport and Maritime Affairs

Table 1. Nine Different Acid Drainage Neutralizing Systems
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3

(2009) 2|3l Fate] HjEH =3lo]] Wol BgEAL Tzl dahH
W TP F e FEREHWT, BokR), 2R,
sfolE, SATS} 27] Aol mE FAFITHEA ST
T TAE sl EeRtk A doke A3e 20184
3¢ SYUFE] DR B, 25, 5% 0] AS 3 2] 7sgt
A7 Growth Chamber: DS-54GLP)d| A AAJsEIe ™, A7
g 202 FE 70 %, 8ARE B B0 7 25 °C, 16A1kF
SR U R 15 °CY 25 AR F AR 1008s
7o 2 3UkE AElste] Wol8-g ZASFIt Anonymous,
1965).

wholg ZAET} A EEAPHE 53.4~88.9 %7} LpEROH,
Z} AgjTte] £2} 9228 Ministry of Land, Transport and
Maritime Affairs(2009) “=2H|2H =3lgAke] A 2 AFX]
o] Tk BT 30 %, 2EF 60 %, SEAFHZTRF 10 %9
HISHE R & 25 g/m’S IFEEHITK Table 2).

2.3 ZAM & 2AUEY

A3 A AARE Egke] olsleld 54& dolry] S
EYS FHuigh EYSHHRAAIE ] ojElete] £A3819 0,
223 AT TEAE(mm)} (%) 20184 5¢Y 18
IFH 109 169714 621 A1, BRI (pH)= 5974

Systems Soil neutra.llizing Neutralizing layer Neutra.lizing Veget.ative Total
material material layer thickness layer thickness thickness
Control No neutralizing No neutralizing 1cm 2cm 3cm
Treatment 1 No neutralizing No neutralizing 2 cm 3cm S5cm
Treatment 2 No neutralizing No neutralizing 3cm 4 cm 7 cm
Treatment 3 KoHPO,4 + NaHCO, Cement 3 % 1cm Cement 1 % 2 cm 3 cm
Treatment 4 KoHPO,4 + NaHCO, Cement 3 % 2cm Cement 1 % 3 cm 5cm
Treatment 5 KoHPO,4 + NaHCO, Cement 3 % 3cm Cement 1 % 4 cm 7 cm
Treatment 6 K,HPO, + NaHCO; (Ca-Mg)CO; 10 % 1cm 2cm 3cm
Treatment 7 K,HPO, + NaHCO; (Ca-Mg)CO; 10 % 2cm 3cm 5cm
Treatment 8 K,HPO, + NaHCO; (Ca-Mg)CO; 10 % 3cm 4 cm 7 cm
Table 2. Plant Seeding Amount of Each Soil-Seed Mixture Spray Used in the Experiment
Flora Scientific name Germination rate (%) Seeding amount (g/m?)
Albizzia julibrissin 534 5.0
Woody plants

Indigofera pseudo-tinctoria 61.8 2.5

Lotus corniculatus var. japonicus 66.5 5.0

herbaceous plants Dianthus sinensi 68.7 5.0

Coreopsis drummondii L 78.3 5.0

Cool-season turfgrass Festuca arundinacea 88.9 2.5

Total 25.0

Vol.39 No4 August 2019 495



109 238l 24 24ty BudEs AT 7)uko] 7] slske B4 Wrbes EdE 2493 A 47)E
o= Ax obgslEgiria TWehe F AF AU R)AEA  FEH%) 268 %2 S Yl ERbE(pH) pH 349} 7)1AEE
& olgstlon], g Traserte] EFE547)(Time (EC) 897 dSim7} wiks- 7] VR k= 5 AEASole AgekA
Domain Reflectometry, 29 : 6060ED6), ESAIEE Bkt &2 Fo 2 YERTh

SAHL 99121 Soil pH Metern)Z o] &-3}e] 2+ AJ@+tnic} 3314

UgA 07 ZHsIoIrh AEASEAIL 21E0] o= & dold 312 FHAT

2018 59 18URE 6xjlo] 2A 7+ Agde] o8-8, HEF Al BeEe] Fuls Fel we ERAEE SRS
Hop Al & L 5& ZARIAO M, A% Fepduls dol v 21 3= Table 49} 2ok 619 =4 At A7 BA
7] $13f 2018 119 11%e]] A& e]e] Zo](em)o} FHe)S Froake Holw AIES affieh A3, A4, AFA5ToIA

ZAFERATH A JeRko ] AT IS vXe Er) VT
£ e 238 F31% TR0l wE IR AdTe] S)ol3t 2018 5¢ 18 278 A3} A33+, A4, Hs7+= FH
3 S BS54 579 A= SAS system for window =7} 28 mmopFo 2 Fo) |- whdsx] 2HEe] Aso] ekt
V9.1 (SAS instiute Inc, 2013)& o]-&3le] EA 25t Fro] YERES H(Ministry of Land, Transport and Maritime
9 kY] Aol HAfFroxHLSD)E 4153k Affairs, 2009), 53152] AVt FAETS FHE T SR
7BFE ATk o]w HE3T, AT, ST g 3ol

3. X220 A} wiRkEle] R} sl 7191 dvke skt
HEhH I3 %] e AEA8S Al 23mmolald wf 2159

3.1 EQo| 22| o|sfed EA A AEHd|(Ministry of Land, Transport and Maritime
3.1.1 BAEQF Affairs, 2009), A3, 234+, AFST+= 27| A=A

Aol AR FAIEYR] H4] Hl= Table 33 2t} Ministry FJERS mAE AW} YElske, 53] A¥5TE 62 54
of Land, Transport and Maritime Affairs(2009) B]&H¥i=318 AR FAEET o A4 UERY Tt 875k o) F

Table 3. Soil Properties of the Acid Drainage Slopes Used for Seeding Experiment

Soil property pH EC (dS/m) Cation Ez(ccrlrll':l)l;/ieg)Capacity N (%) Organic Matter (%)
Standards 5.5-7.0 1.0 and less 6 and over 0.06 and over 3.0 and over
Results 34 8.97 7.03 0.69 2.68
Table 4. Soil Hardness (mm) Treated by Type and Thickness of the Neutralizing Layer
2018 (year)
Type and thickness
of neutralizing layer 5/18 6/16 715 8/15 9/15 10/16
(month/day) (month/day) (month/day) (month/day) (month/day) (month/day)
Control 17.0d* 15.7f 17.3e 11.7¢ 12.7¢ 13.0d
Treatment 1 17.3cd 16.3e 17.3e 12.0c 13.3e 15.7bc
Treatment 2 17.3cd 16.8d 17.5de 12.3¢ 13.5ed 15.7bc
Treatment 3 28.7a 18.7b 19.3bc 15.7b 16.3b 16.4b
Treatment 4 28.8a 23.7a 20.0b 15.7b 17.0ab 18.0a
Treatment 5 29.0a 24.0a 23.2a 18.0a 17.7a 18.3a
Treatment 6 17.7bcd 17.7¢ 18.2de 12.0c 14.7cd 14.7¢
Treatment 7 17.8bc 17.8¢c 18.4cd 12.3¢c 14.7cd 16.3b
Treatment 8 18.3b 17.8¢c 18.4cd 16.3b 14.8¢c 16.3b
LSD (0.05) 0.7 0.5 1.0 1.4 1.3 1.2

“Mean values with the same letter within columns are not significantly different at p=0.05 level by LSD-test
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78 1595H 109 1647k4] 43 378 23} e AgTolx
2ge] 2 Aol ek 23 mmolsle] BRAE AP vERt
T} Ministry of Land, Transport and Maritime Affairs(2009)¢]]
w2 FRAE 18 mmolst ekt A A% e st
Ak wjgo] T f1@Ade] Sl Ao s HalEglon, HeY]
b Et B ATl A P A U] itk

o]l A= w|Fo] Kol AEZ} vighd A3+, A4,
AA5Te 2] FEETE ok AEIAl GRS MRl
A} et B g ot @ E L, i, AT, AT
SF ABES wfgtel A3er, HATT, AT BT 23 mmo]
sto] 27gek A3t veh &87EAE E Zlow ddE o,
T, AR, Ag2TE ARge) B Foh aTEr)

313 EY g4

Al Hge] 3k FRe we e-S Sgsklon
1 A= Table 59} 2t) 59, 69, 79 2 10Y 4219 =3
A} AR A fFeJAkE Kol F3l% 9 AW At
TSRS g0 w2 Zlow vehit) 8¢ 1599 99 159
271 4 AR TS HA 2.1 %ol HaL 2.8 %= v
SHA| vER} AEAS] otdERs WIRE Z10 R k) o]&
S35 TRl we JFETR= HKMA, 2009) F50] JFF
o] =7 w|Zd| 7|91E Atz dekEck Kim and Shim(2009)]
oahH Qe 8-S S/NE7E S A} g0]
2 %olstd w] A& aARgo] A YERgeH, 580] 3 %
o wh= gitel] ofgh AHEarhkE WAEkA] S o= VRt
o} 10¥ 169 =449 99 159 =4 dapit} shgo] =
LEREET] o] 7h9-ol| ofgh FEFo R o] s 711w

oy

Azt Feke)

ol A= n|Fo] Hol T2 FA| AES} 43|10
w2 zjo|Hr} FAle] W 2jolE Holom, ko] A Ay
FA Qg aelm FA] 2 AL & 5 Sk
3.1.4 E A=(pH)

APl BlgRe] F3lE R mE ERI=pH)YE S35t
lom 1 Avk= Fig 29 2t} 299] 378 23t SAH frejke
Hou, tiz+, A1+, A2l BRI pH) pH 5.00]
Bt =7 JeRtch whA A3, A%4T, A357= pH 7.5
~ pH 7.9, A%6+, AF7+ AF8++= pH 74 ~ pH 762
B3l a9 & Ao g YeRdr) Johnson and Hallberg
(2005)0l] w=H F7 1, AS)aLE, ARIE, A4 SERlE Bl
SR BES HR3l] 7eES 2 V%55 7180
oJ3te] o] BT AA AL MB|aEe} AEeA] 5
o oJste] AT FelEE Zlo e HalH

20189 59 18 24 A} =T, A1, 279 H¢
AT 24 A AR BEe(pH) 328} pH 7.00] 77k
FAZF e, T FAETSE EFIE(pH) Y] Fstat
7} = Zo = vERdTE ok 27 IMERe] fi7TEe ofgh FEke.
2 71R1E AR Ko, ARe] Aux] Eekbe(pH)= o4
20183 10€ 169 =4 23 =7 pH 3.7, J&17 pH 3.8,
A2 pH 412 AEA ol ofdgks mXe 23} vepsitt
A0 2 pH 3.50]8ks ZHMMIEGo|2laL 31, pH 4.00]517k
= Aol gl Algo] Z o] FojR|A] @k A0 R Halw
SAtk(Jang and Kim, 2006). 2313, 2347, 57| 85
ZAAY} AJED U3 S3kET) 98k Ao veRton,

Table 5. Moisture Content (%) Treated by Type and Thickness of the Neutralizing Layer

2018 (year)
Type and thickness
of neutralizing layer 5/18 6/16 715 8/15 9/15 10/16
(month/day) (month/day) (month/day) (month/day) (month/day) (month/day)
Control 23.4¢" 19.8d 18.1e 2.6bc 2.1e 14.1d
Treatment 1 25.7bc 21.2¢ 18.4de 2.6bc 2.2e 18.3d
Treatment 2 26.8a 30.4a 24.6a 2.7ab 2.4bc 26.7a
Treatment 3 21.9f 15.8g 18.1e 2.1e 2.5ab 15.4d
Treatment 4 24.2de 18.5¢ 18.3de 2.4d 2.5ab 17.1¢c
Treatment 5 26.3ab 29.9a 21.9b 2.8a 2.6a 23.7b
Treatment 6 24.2de 16.8f 18.4de 2.4d 2.3d 14.5d
Treatment 7 24.8cd 17.3f 19.7cd 2.5¢d 2.3d 17.4c
Treatment 8 26.9a 28.3b 20.4c 2.6bc 2.4bc 23.7a
LSD (0.05) 1.0 1.0 1.4 0.2 0.2 1.5

“Mean values with the same letter within columns are not significantly different at p=0.05 level by LSD-test

Vol.39 No4 August 2019 497



Adele vlge] FokS SRl whE =ekaxt

18 May

LSD (0.05) 0.6

16 October

2018(year)

0.7

Mean values with the same letter within columns are not significantly different at p=0.05 level by LSD-test

® Control ® Treatment 1 ® Treatment2 M Treatment3 M Treatment4 M TreatmentS ® Treatment& = Treatment7 © Treatment8

Fig. 2. Acidity (pH) Treated by Type and Thickness of the Neutralizing Layer

Z35 9 23 wligkE ARIEZ| YEds wug s dhlg
FlsEE A, 7R vigdo A g 2E HAske]
27 ] RAIS SN AdFo] ok Al 2719
BERAET} oA AE ol odEks & & Jor g Fot
sTrECy w=gh AdeT, AT, A8 A ARURE St
AHES et FslE) 95k Ao 2 e, S35l
HigHE A3)31E[(Ca-Mg)COs]= AMIEDe) FHshd Ede]
pH7} ds3te] A dshd ERS ST M3IERRE 85
e Cagl Mgoll &Jsle] Al Mno 2RE] AESAS A7 7=
B} Y= Ao F(Lee et al., 2013), BT 212 A3t
ERI=(pH)S] HS7F veRstth

2Rl g vE o] FAE 7)) 24k E TS
S7F AR URR 2ESka Uisella 2agh 2k dellg ) 76
AR Gl ofdte] THO R Assle T2} Ho] ke v
+U(Kim, 2007), A3, A4, A5, A6, AT,
AF8T-2] A9 v1gRe) 77154 F3AI[(Ca-Mg)COs, Cement]
£ 33t S8ls 2Agsle] Al ol oJsle] o) FslE A
g AR Ao R stk

ol A¥g w|Fo] Hol FoA| AIE, MBS X2t
AgolA 2k gl Tk BEdEsladt 2 x&40) e
2 Holy, F3l5 T4 mE zole ghe AS & & A8tk

32 AEds EY
3.21 OB

APl wlEe] $315 Sl TE vEEE SAsIon
7L A¥= Table 62 2t 6We] =7 23} SA14 el
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Ko, AF8ToA 71 A VERaL dizTrellx 7 B
LERsko ™, Ad7, A3eT, AFST, A4, A3, A2
T, AT Fo 2 YERTh

20181 59 18 S A} T35l A3aES AE)eh 236
T = AFTT = AFETA 7P =4 VERaL, 3k
AES AEjgh 33T < A < A5 TO= ek,
T < AT < AFR2TlN WA VElTE AMIES viRis
A3, A, A3STe] AS 24 2] ZHAET) ot
215 WolAl7} o] 71¢1H dae stk 69 169 33
A 275 AlQs B ATeA g&5-&0] ST,
7] 79 EREE(pH)7} SoAHA 2] sl 9)&
&o| g Aoz Fekdnk 79 15Y 24 A3} AEASo|
HEIAAA B ARTA gl5-g0] S7FsHE], T,
AT, 327 B BERRE(pH)7E ok AEaiks Y
Fou} ot 2Eo] s wESe] TR Zl0 = VRt
th 89 159 24 23 BE AgTeA] FE-go] 7Hasieiet
o= ZFHKMA, 2009) F=0 2 Q13 §Hgo] =7 ozl
710E AR A A5k JES e AR FHEAL,
25, R & F0) om(Park, 2002), o] Avk= 99 159
=3 Asp7kA] o]ojFtk Ministry of Land, Transport and
Maritime Affairs(2009) ‘=20ehd =3lgAle] A7 2 AlE
250 ) =3kEy Wyl wkEd 2E9FE, 2R PEEglee)
78 AEEES] 7S 35 R (6 60 %Ik T 60~79 %,
7 80 %ol o & o] AAJskaL vk 10¢ 169 #HE54
A 2T 15 %, ARIT 16 %, 2T 35 % 5 3450
LRERAL AFBT 74 %, AT 75 Yo, AAST TT % T SHOE
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Table 6. Vegetation Coverage Rate Treated by Type and Thickness of the Neutralizing Layer

2018 (year)
Type and thickness
of neutralizing layer 5/18 6/16 715 8/15 9/15 10/16
(month/day) (month/day) (month/day) (month/day) (month/day) (month/day)
Control 10.0¢* 7.7f 26.3f 12.7d 6.3d 14.7¢
Treatment 1 11.0de 17.7¢ 53.3e 13.0d 11.0d 16.0e
Treatment 2 12.0de 28.3d 60.0d 16.0d 13.3d 35.0d
Treatment 3 14.0cd 61.7c 85.3¢c 65.7c 55.0c 74.0c
Treatment 4 17.7bc 68.3b 89.3bc 66.7bc 61.7abc 75.1¢c
Treatment 5 19.3b 70.0b 91.3ab 68.3bc 65.0ab 77.3¢
Treatment 6 30.0a 81.0a 93.1ab 71.3ab 58.3bc 87.7b
Treatment 7 32.0a 81.9a 94.3ab 75.0a 66.7a 95.0a
Treatment 8 32.4a 82.7a 96.0a 75.0a 68.3a 95.0a
LSD (0.05) 3.9 6.0 5.6 5.2 7.8 4.0
“Mean values with the same letter within columns are not significantly different at p=0.05 level by LSD-test
Table 7. The Number of Germinating Woody Species Treated by Type and Thickness of the Neutralizing Layer
2018 (year)
Type and thickness of| 5/18 6/16 715 8/15 9/15 10/16
neutralizing layer (month/day) (month/day) (month/day) (month/day) (month/day) (month/day)
Al In Al In Al In Al In Al In Al In
Control 1.7¢ 0.0 1.0d 0.0c 0.7¢ 0.3¢ 0.3e 0.6b 0.3d 0.6b 0.3d 0.6b
Treatment 1 2.0bc 0.0 2.0bcd| 0.0c 2.3bc 0.3¢c 1.0d 0.6b 0.7d 0.6b 0.7d 0.6b
Treatment 2 2.3bc 0.0 2.3bc 0.0c 2.7bc 0.7¢ 1.3d 0.7b 0.7d 0.7b 0.7d 0.7b
Treatment 3 1.5¢ 0.0 1.7cd 0.3b 3.0bc 0.7¢ 3.0c 2.0ab 3.0c 2.0ab 3.0c 2.0ab
Treatment 4 2.0bc 0.0 2.0bcd| 0.3b 3.3b 1.7ab 3.3bc 2.0ab 3.3bc 2.0ab 3.3bc 2.0ab
Treatment 5 2.0bc 0.0 2.7ab 0.5b 3.6b 1.7ab 3.6bc 2.0ab 3.6abc| 2.0ab 3.6abc| 2.0ab
Treatment 6 2.7ab 0.0 2.7ab 1.0a 4.3a 1.7a 4.3ab 3.0a 4.3ab 3.0a 4.3ab 3.0a
Treatment 7 3.3b 0.0 3.7a 1.0a 4.5a 2.3a 4.5a 3.1a 4.5ab 3.1a 4.5ab 3.1a
Treatment 8 3.7a 0.0 3.7a 1.0a 4.7a 2.3a 4.7a 3.1a 4.7a 3.1a 4.7a 3.1a
LSD (0.05) 1.1 NS 1.1 0.3 1.0 0.3 1.1 0.2 1.0 0.2 1.0 0.2

“Al : Albizzia julibrissin, In : Indigofera pseudo-tinctoria

YMean values with the same letter within columns are not significantly different at p=0.05 level by LSD-test

NS : statistically not significant
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Table 8. Plant Height (cm) Treated by Type and Thickness of the Neutralizing Layer

2018 (year)
Type and thickness of 5/18 6/16 715 8/15 9/15 10/16

neutralizing layer (month/day) (month/day) (month/day) (month/day) (month/day) (month/day)

Al In Al In Al In Al In Al In Al In
Control 2.3¢ 0.0 2.8f 0.0e 5.4c 1.7d 1.6d 2.3d 2.0e 4.0c 2.7e 5.3¢c
Treatment 1 2.3c 0.0 4.2e 0.0e 7.2¢c 1.7d 2.3d 2.3d 4.7d 5.3c 5.7e 6.0c
Treatment 2 2.4c 0.0 4.8cde| 0.0e 7.5¢ 3.3d 5.3d 6.0d 7.3d 9.7¢c 8.7e 11.3¢c
Treatment 3 2.8b 0.0 4.6cde| 0.6e 21.7bc 6.0c 24.3c 20.3bc | 27.3bc | 31.0b | 31.3bc | 45.7b
Treatment 4 3.2ab 0.0 5.4bc 1.8de | 22.3b 6.3¢c 25.1bc | 22.7bc | 28.7bc | 32.0b | 33.0ab | 45.7b
Treatment 5 3.7ab 0.0 5.8bc 2.8d | 24.0ab | 12.3bc | 26.0b | 24.7b | 33.0ab | 37.7b | 34.0ab | 45.8b
Treatment 6 4.1a 0.0 6.2b 4.0c 22.0b 16.5ab | 25.0bc | 27.0ab | 29.0ab | 48.0a 36.7ab | 75.0a
Treatment 7 4.5a 0.0 6.5b 6.5b 25.0a 17.2a 27.0ab | 31.3a 34.0a 49.3a 41.7a 78.3a
Treatment 8 4.7a 0.0 7.5a 8.4a 26.0a 16.3ab | 30.7a 38.0a 38.0a 58.3a 45.3a 81.0a

LSD (0.05) 2.7 NS 33 53 53 42 3.9 3.7 3.1 2.8 22 3.4

“Al : Albizzia julibrissin, In : Indigofera pseudo-tinctoria

YMean values with the same letter within columns are not significantly different at p=0.05 level by LSD-test

NS : statistically not significant
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Fig. 3. Plant Root Status Affected by four Different Acid Drainage Neutralizing Systems (11 November, 2018)
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