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ABSTRACT

A study was performed to investigate the positive impacts of humic substances (HS) on the growth of green barley, a type
of green manure plant. The study was conducted in a pot culture using two different types of reclaimed soils that had been
treated by land farming (DDC) and thermal desorption (YJ) methods, respectively. The experimental conditions consisted
of three treatments: plant only (P), plant plus 2% HS, and no plant (control). After 89 days of culture in a controlled
growth chamber, the growth of spring barley and activity of seven soil enzymes were measured. The results indicated that
the addition of HS had a substantial (p<0.10) positive effect on shoot biomass in both types of soil. Furthermore, the
addition of HS notably (p<0.05) enhanced all seven soil enzyme activities in both soils. Both the aboveground and
belowground parts of barley plants were returned to soil and aged for 10 weeks in the same growth chamber, which
resulted in notable enhancement in soil health indicators. These improvements included an increase in organic matter, a
drop in bulk density, and an increase in the activity of seven different soil enzymes. When lentil seeds were planted in the
aged soils, the development of the seedlings was more vigorous than that in the control in both soils, although allelopathy

of barley suppressed lentil germination in soil with pH 7.0 but not in soil with pH 8.5.
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Ha, EGRAET AFE S Flo], PHIEY HlesTE
g TV st vl AREA o3 A=A
A3l T 2 FARE o Z 3, YELe] B4
Q31 B 173do] ARbH o g AslEth(Bergsveinson
et al, 2019; Besalatpour et al., 2011, Choi, et al., 2010;
Yi et al, 2012). AF3 AL HYE= dEY EA
I B ofg) Bl HREES V|¥she AR <l
aff 53] diuto] EYRHERAHEY] 1 H 2A]HellA] A
FEHIL, T (97%)e EETEIM HAEA & BE
A= A= Han et al., 2020).

EAold A=, 55 B Y AES FABH]
A3l Do, Aol e AHAR 7158 & U=
A &2 Q1 4=-8-YH(capacity) 2.2 2] HTH(Doran and
Safley, 1997; Karlen et al., 2019; Lehmann et al., 2020).
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& 5ol AREIAL, Hitdle EY FEYE =T 3
THCardoso et al., 2013).

E4E BRI 383l HoE WHES FY
she WRe] mEa 3ol AP e 2 A
A 5T o] Extsle EYsIE 32 AEH Ax
ZH9F a0 ks B2 FYHIE, ofluA] axEk(
olF W &3h), HWkEd EAlske T4 32 v|Eslst
4 9 uEE e Yl o3t 8= rFedE 1y
dl|oF Sltk(Larney and Angers, 2012). E%F2] £}
of 2 v el AdFoE BYshs A B
EAbo] =& (Kibblewhite et al., 2008), HIE AJ7lo] A&
HANE SHAE B 9EAES Auista HWASHH
B g§AE agslal YAV flES Fash,
AEE o3t EYHAE 9 AEASS Esglo N
FEEA] w8 Bk YAl B M &
% JthBaer and Birge, 2018). ZIAE<] dloja]H|x|
el 2 A5 Ax §-8%, EFRIE 3, EY
TZE 2 = ATl FTRHAY /A=A, REY &
Tof SR B 7 o] 7hAsidth(Hartwig and
Ammon, 2002). €5 IEAES FAE0=E Aulgh A3,
Ee] ot oA S 84 He 4, I8 S
9 EStHe] FHAE 9 1Y Fxlo] ASFHUAL
(Villamil et al., 2006), ZAtjn} S2 XIS E7ET} e
T F FATEAER At gAY, AEol8t
T AAE X3 fU1E SV 2 B EYSA A

o] E37} Ak Hubbard et al., 2013). IHEE W&

AelE BN HHldes Apfstd Aeld ARitol
el EFIEE BEsle] ARy 99 52 BEY
7 L

AL-E Fxlo] 7Fsd 7 US Aot

A ESFo] AR &AMl A3elA] ek AT,
2GS Fx18b7] % s Fasht oY SXE
A ZoX F9EZ (Humic Substance, HS)> EUolA
AR o7 AALE EAR, Eq AEslr] a1 A
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1 W o2}, Tkt 71 ofs) AEAGS S
. HSE B #7189 F4ES=Z phenol-. carboxyl-,
ketone-, hydroxyl- 52 Tt 2H8715 7FAaL Qle],
ZYo|E A, 95218, dol s JER7E 4
218 5o B3 g AEAAY B &l
TH(Seyedbagheri, 2010). T3+ HSE= A== 9
A=A S(Trevisan et al., 2010), HS-Fe 23l 2]3t
A & Z7HKChen et al, 2004; Zanin et al., 2019),
EdAEY Wl 52 f-80AE ¥E(Canellas and
Olivares, 2014)¢} <o AF# £33 2 LdIFEH3
(Nunes et al., 2019)52] HPHo g2 AZAWAS WE3IAL
85t EYGVAETS 243t HSOll oJgh A&7
FRAE&9E= &4 (Khaled and Fawy, 2011), 7=}
(Seyedbagheri, 2010; Ekin, 2019), &34} (Nunes et
al, 2019), ryegrass(Chen et al., 2004) ¥ 33572 A
A3} 7N3}rZF S7F(Nikbakht et al., 2008; Ahmad et
al,, 2013)°M %= ERI= At

olef] & ATelrie AEA NN 82 A E(Y))
o} B2 2| E(DDCy! SHIAER] MR (Hordeum
vulgare LYS 2NE3r APsFAA HS FH7il o3t 2=
SRS vlaEAstal, ES7dde] AESH A#EQ
Edaisy 758 SAHs EGRAEY 7S H
sth. Tk ekt RS EQ] SHE ghelst
1053 493 o, N (Lens culinarisys 3155lo] &
of Bl A& S nlusle, 5 Aoz SIS
o Bk 712 ARAEIER] AE A Z]A]
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= = [e]
(DDCy Aedazhiog X2jgt BEHYNORE, 4 4
7 20 emQ] 3ol Z}zhe]
B T2 100E #3539 ok Dok fAE FoA A
& e RARE FASRT e FAE A
(Control), AR 2JZA7P) & 2% FTHHZ Y4 HS
(36 9F H7IRF HHel-HS AT (PH)Z skl 27t
R FRlETh R A e &% 25°C, F
% 65%, SAE 18/67 702 95k 1Bl A
HiEkATh. A 25 oF 13,000 Lux©]R19™, Apogee
quantum flux meter(MQ-200)2 =743+ PAR(photosy-



Aol 1] A8 R 42 Al Fe Edo] 2B B S B Al = 5484 9% 53

nthetically active radiation}2 256 pmol/cm?s©|{T}.

Z7] Rk E0] 59 ¥== Y 15~-30 mL
A 7R e R YA, FEEZE 15em oY A&t 2
NERE 83 uf 7] 75 mLRA] HlEE FUSIT
FAlO] 159 7HF0 g AABIF(NPK 6%-8%-5%)=
15002 B4t} oAl FUsIA. Al 158278 1
Y Ao Rl A Aol S At SAs
I, FARIE HAIE st o ek, T H A
37 A|-lA SPAD 502+(Konica-Minolta)Z SPADALS
43 v, 382 Bagks F22Y TEE ARSIt

AR A= vF F 89 Foll FRPL s,
AR ARG, ESF pH, EC, 7718 4, 42 2
Edaagy 758 S R A 70°Ce
A 33 Azl ARS 4% ok, ek @ A
A7IE ARESld 1.0 em ©)3kY] =72 A=Al Bk
AsiAT). A2 DT BRSNS AT 4R
7t gEgle} B} S BHg Bekeg o] Yol 4
AN 1073 SAdshaA, miF s SAst
o] 30%= FAEFATt.

2.2, HIE 2of A RAE 4F

A E Qe S817] Slsixie dEY] SIS
o E9ke] 7FF 71EAR1 71eR1 AEAe] dFoln).
TS A EHTAS WAe EGVMY 8-S
71538} & 4= Qlnt. olo) AEAGS Al Ash AR
o=z Hrt & 4 e 7MY A8 AR 2 23 Frt
719 (Park et al. 2021)S AME3d, A B A4 3
EoHE Frsioltt.

Ae AT onfa=2] 50 mL Falcon vialoll 1057
At B 702 YW Y T VIS 53, 3
St vle} FUSE Z279] 2SSl Auistdtt. I
8Y &, AES Fgate] AP E AsH- A, APk
Chl-a, carotenoid® =7g3s}a, e ARRS A3
B2] AR Image J(Schneider et al., 2012) X Z 13
o7 Y-S W33}, SmartRoot 213 (Lobet et al.,
2011)02 5] o] @ Bujg 23t o] o7l A
o} dols 2 t3-2] &)(1)& ALK SRL(Specific Root
Lengthys X33k & &/ AxR=E AE2A84S st

At
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SRL = (cm/g) (D
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root root

o714, L B Zol(em), M Q). p,,, e BE(Y

cm®), ¥, HEI (em?)

2.3. EfZEME ol HIE! WOl H

Hrgol 23k elzt ZE(allelopathy)yS 2215171 £l
DDC E%] P 9 PH AT SHEYS] F==¢ 94
ol e AT EY FEHAL 40 mL amber
vialoll AERE-: ESF] BIE 5:1 HIEE ¥ 150 rpmollA]
IAIZE B2t Z8Ekar, JRAIA B AE FRlsidnh 4
AAS o]F&sle] shhe IR ARESlAL, UHAIE |
N NaOH €402 pHE 852 A3 v}, 7o 4
Aol A FA}F 3071E g ARE B "HolFdn o]
% ggd oA & DIW 5mLS ¥ HEF tyrld)
A FAS vEstar, 25°ColA Fudshaa] sUz i
oks-S ISt oW SRl FAS R T FA
o ARt

2.4. 2Ny

E%F pH % EC(electrical conductivityy= ESSF/<F
(1:5) oz 3t ol9dx EA, &8UE,
WHC(water holding capacity) 2 718 52 27}
SFA(NiFoS, 2014) ¥Holl oJAst] 2852 S7g315=
o], B42 mEloR, fUEEHe FEtEdes &
et

< t3} Zt. DHA(dehydro-

genase activity)= s EY2 Pepper and Gerba(2004)
Ho=m SAslal, Freko R 3hs BASIT 84Nk
2HER1 PNP(para-nitrophenol) =5 Z74d3= B-glu-
cosidase(BG), N-acetyl-B-D-glucosaminidase(NAG), acid
9 alkaline phosphatase(Pase a % Pase alk) % Aryl-
sulfatase(AS)= Stott(2019)2] WHO 2 EQF Urease=
Kandeler and Gerber(1988)-2 AME-3lA=H], =5 28]
=2 793

APFE Chl-a®} carotenoide= S & 7](Polytron PT
2500E)Z £ & 80% acetone®E F=3}al, Lichten-
thaler(1987)%] *7} 22o] 2] (2)~(5)l &J3l] 23Tt

Chlorophyll a (C,) (ug/mL)=12.25 Ag3—2.79 A7 (2)

Chlorophyll b (Cp) (ug/mL)=21.50 Ags7 — 5.10 Ags3
(€))

Ca+b (ug/mL) =715 A664 + 18.71 A(,47 (4)

10004,,,,-1.82C,~85.02C,
198

Carotenoids (ug/mL) =
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2.5. BX A SpEfokE

AR A= dEHE2E el FelekiaL,
ARE- ZA71A] 4ocoll A YRS AL FELA
THjetal geolA Basith < AEg FA=
HOCIZ 453}l DIW(deionized water)Z 3%] o) Al
23 Ths, 80% oEE= HE L=/AHskaL vEsioirt
WA EE FFE v IS (E&G TR )AL, )
A} HSE humic acid $FHF 70%, 273 4~5 mmS] A&
A|Z(HumicDG, The Anderson, USAYS AFS-31$ch

Edas 4SA AR 71d 3 setE e
triphenyltetrazolium chloride(>98.0%, Sigma), p-nitrophenyl-
B-D-glucopyranoside(>98%, Sigma), p-nitrophenyl-N-acetyl-
B-D-glucosaminide(>99%, Sigma), p-nitrophenyl phosphate
disodium salt hexahydrate(Calbiochem), potassium 4-nitro-
phenyl sulfate(Sigma), p-nitrophenol(=99%, Junsei)®] 3}
o 7]k A3el AH8E seleEe BT HAS ACS
grade®]3om, EAAZ P 2E FFolle Dol7(183
MQ-cm)E A3
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3.1. M2|E0Me| HH2| M

¥l AL83 DDC ¥ YJ B B . HE A
EH7} 22} 56.4:294:143 2 60.7:24.0: 1532 &
T AKFECIIIL, WHCE Z47; 248 & 26002 Y] E
ko] ZF =Tt DDC E%e] pHS} ECE 7.0 2
36.9 uS/emell HIEl, YJ EYe] pHe} EC= ZH2} 8.5 ¥
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555 uS/emz =24|, @48 BEYe 257F =855 pH
o} EC7t S718F7] WO th(Pape et al., 2015). o= &
22 A2Igea] EYe] EAlshe fi7lite] Eal=a,
EG7IE Bellagelr Adse g dolke] EY
o] FholeS X3t Hof pHt s, ol2Ede]
FE 3R ECE AF53l7] wjEo]tHO'Brien et al.,
2018). EY #7715 FEE DDC EYe] 3.7%= YI E
&oll HIsl 0.4% =L, EAEEE Y] EY 131 g
cm’©E DDC EYHT} oF 10% ©] =34t

AR A 36GxHFE g 59 21 AP 84U At
2 179 AR A% FHele] o] AL Fig. |
3 2t} BE EYlA HS H7He] 27) ZojFol
$AIBHATE. DDC EYollxE 75 A7EA] HS #2749
717F 2F 3cm Z O (Fig. la) Y EQIME 4593
B At AlelolA] Zol 8t xlol= fllth(Fig. 1b). #
T T HRY 2L BE ApTelA 32-35
eme|H, QX5 e Al 2 B o3t FolF
A 7} BSHA| i) FES} vlws) FF, B
9 AEA] FollA B2 2tk lo] AFAS] Hlae o]
HA, AR 5 FES TR AES o 5 9
T2 42~54 cm(Boussora et al., 2019)20 A< wlsPA
oF 25% Akt

AEE] o] F229 FFS 54 SPAD e 27
o= PH AHFAIE+HS)OIA HHoz &2 3hs B
oL}, 2UFEE T EY oA 257 2208 PA
grellAe] SPAD #t frejF o= xlo|7h UA] edskth
(Fig. 2). Al 52971A= SPAD #ko] ViAot
dRe] ggo] du)7] AAEF theFE SPAD #to] 74
s7] A=, o] w3 Hy ZeElEs 357l
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Fig. 1. The effects of humic substance (HS) treatment on longitudinal plant growth in the reclaimed soil. (a) growth in soil DDC; (b)

growth in soil YJ.
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Fig. 2. The effect of humic substance (HS) treatment on chlorophyll content was measured by SPAD in the reclaimed soil. (a) green

barley planted in soil DDC; (b) green barley planted in soil YJ.

Fig. 3. The growth of green barley in the reclaimed soil. Pictures were taken on day 89 after sowing. (a) Plant only in soil DDC; (b)
Plant+HS in soil DDC; (c) Plant only in soil YJ; (d) Plant+HS in soil YJ.

Eolzt7] wiitolet ALRET. o] 577t AlREE AIRE
2 HEEE e Aole o, HEHoEE
< Ao FRNA #AFHATHFig. 3).

HEE e AR FEPgellAM 23F et =
T BuiR|a, el B HIs w2l 4 §lof
AP A 15T, 7F Aol HE 8k A
B AAE 2 AZS Table 13} £t} DDC EU

L

Table 1. Fresh and dry weight of green barley in the above-
ground parts at day 89 after sowing

Fresh Weight (g)

Dry Weight (g)

DDC P 12.41+£5.26 1.45+0.50
DDC _PH 18.50+1.32 1.72+0.44
YJ P 12.61 +£0.42 0.90+0.22
YJ_PH 22.68 +8.78 233+1.15
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215 B AEHHS AT AAg R s 747t
145 2 1.72g0 =2, HSE FYgk AFlA 16% =3k
ot YJ AHEFelAE HS T4l 233 golRlar, FE
gk AA)sE ZoAe 0.90 ol Bsle], HS Fglo=z
o] 1.8 S7FSIATE. AEA AR Al visl T
testdt A3, 90% FrolA BAFHCE Folstdthp<
0.10). e G 2Eg27) e FE 2Ag HR
o] AFHE F8FS 5(ton/ha)> Z(Boussora et al.,
2019), 20 cm 3HEHZ 02 FAFEPH 157 g-D.W./0.0314
m?| EE|ofof s, B Ite] Hzke] oF 108 0]
o 28EE d@ Fgoxe o Be AAFe] Ay
o] EYoE 3E F long BRI 3EE
NS Aog Fkdr)

3

EgaAgde JUEAEe] A0 JFS
AE-EPANS sl A& S-S
U A=, EGAE 9 TS e 9 wisll
3t RS AF3HAon et al, 2001). DHA 2 BG
= 47 g4 3 9 g 2ksloll, NAG 2 Urease=
A58, Pase a E Pase alk®} ASE 247 f71E <l
#I {715 & o BAEE FAo|tK(Cardoso et
al,, 2013). o]oll Ago] Fg¥ 89Uz}l z+ x)z]7E 3}
B EYS AFsld A3 75 ESFEATAILS Fig 4
2 Fig. 59} &t}

DDCEY tZzTo4e] BG NAG, Pase a, Pase alk
2 ASS] 4 (uePNP/g-soil-hrye ZH2}F 7.3, 9.6, 46.2,
389 I 11003, AES AAgE pAETAA 22t
220, 12,6, 73.1, 48.7 E 1428 EF Z7lsI¥ o,
PHA M= ZH2t 46.5, 41.1, 1143, 1152 2 282
2 IA =151 tHFig. 4a). NAGE A2l YIRS
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Aol BEFaAgAe DDCEY] His) Aukzoz dgk
o} I3 BG A4S E9 pHoll Hlgshs Ao Hay
O} (Acosta-Martinez and Tabatabai, 2000), £ pH
7} 852 ¥ YIEYAS BGE= DDCEYS] 70%
B3R ol YIEYC] ExE]agolA mAlEo] A}
Hal o] Yllolg}l wtE)

YIEY tiZTolX9] BG NAG Pase a, Pase alk %
AS®] A (ugPNP/g-soil-hr)e ZHz} 3.9, 255, 14.1,
17.3 2 13.80]1%=t], PAElA 2+ 7.6, 37.2, 23.2,
262 2 88 A% FVh= S KB, PHAE|
e Z¥zZF 387, 469, 75.1, 1475 2 2198 M
<7 eFAtH(Fig. 4b). PHA2]7"¢] DHAE DDCEY %
YIEYSA 242 98.0 2 323 pgTPF/g-soil2 &
tiH] 3~08)] o] =718 aL, urease= DDCESF 2 YJ
Eokoll A ZFzF 200 2 16.2 pgNH, /g-soil-hr  thZET
o] 44 o) Z71slSIth(Fig. 5). RS HSS F7}
gk B0 PHAE|FME BE EYEATAY0] gzt
ol Bl folakAI(p<0.05) S7FIATE. Ty AEws
225t ZAgolle IR EATTIPT FrelHolA] Rt

160 160
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Fig. 5. Dehydrogenase and urease activities of the pot soil on day
89 post-sowing.
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Fig. 4. Soil enzyme activities of the pot soil on day 89 post-sowing, which quantify PNP released from the substrate. (a) Soil DDC; (b)

Soil YJ.
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HSE ESEAgAd 23202 daks = 4 Ut
HSE A8 2R 988 shozx A4S X138
I (Trevisan et al., 2010), &2E @ 23l A&
A B vlEETE B S7hs EYPIET E4dset
Eaisy Z71E =3 (Dorodnikov et al., 2009).
TR ureases EFIA wWEA] Ea|EARE HSoF Agtst
o f7lE-a4 S Pl dolu Tl Fallef 9
3 WMAS 29X ZItK(Makoi and Ndakidemi, 2008). —L
23l HSE EYX] AAME 98-S Fo=Hn dia &
ZREL, 7R 3 HS-2& FEFPA R <19

T T o

F

i

£3le ZZ3(Lumactud et al,, 2022). o143} o] o}
P 8ol ol ERELTHO] 2R, ol B
3k 7)zto] FFHER] o} ) Be A7F a3 ol

-

33. #2500 o5t E §4 ¥}

T AHYE BRI 1077 353 o, B
&e] Eeslsld wWisls 43 ZA¥= Table 291 2t}
F71E RS A=A el AP J3e s Folet
A=Y, DDC EYoME 3.79014 5.1~5.9%F, YIES
e 339014 4.1~6.1%E 7181990 EY pHE AlEA]
o] Aol A Wlske Frlitel Qi 7 EY BT
7astsd], PHAR A o Bl 748t A9
Bl A=) o8t E9= EC7} Z7FKdar, PHAE) T
A BS dAsH 71k 8A9E A sk
ol5 HT}. DDCEYS] &49UEE 27] 1.19 glem™]
Kot P2 PHAY TN 27 117 2 110 glem’ 22
A5, YIESIME 27 1.31 glem™]en p 2
PHAZ TN ZF2F 119 2 113 glem® o & 74313
AFAEGNN EGR71E dgo] ST Adlg=o] &
Agrogx Q7to] 7HIE EQRT SAUET) Lke 73
S Ko, AdlE=2 571 B 58S SVHRIA o

3 EUSTZEE 7RECHBIni et al, 2013). R
Ve ez 1-2 goll BASPARE, FrakA] 23k B
7HA] Zetepd Fgre] frlEo] fHol e
I SAUET} S71eE Aolgt Alsdnt

ESaAgdT I7 S71I3AH(Table 3 and 4). $<
3 T 23 EgEage AuEos sk,
thET9} PAR Tl NAGSH AS7F 742381930} NAG
e B 8ol Aagmol AgulEsk=t(Yang et
al, 2012), ¥4 F4olA f71% Haloll A kenct
AR SakE Abaso] Hol B o] Fake
2700] W1 Ao B olg fad A A,
NAG 2 AS 4 747h MAe sloz ARt v,
PHAE}FOXE HS7F Aa FHdo] Ho] NAGHH oF
10% S7F8ISAtE. ASe 713l zEl 29} 7718kl
7l @40|al(Alef and Nannipieri, 1995), HSS] &
ke fulvic acidsoll A= 0.1~3.6%, humic acidolAl=
0.1~8.3%°]3L humin?! 7 0.1~0.9% EABIER, EF
NN S FHH 9TE & 4 UTk(Rice and MacCarthy,
1991). thx=7 2 PAlT= SAFolA hlgde] 4
o] o] 7HAg Wb, PHAZ| Pl HSERE S
7F FHEOl ASEAol 4] B SIS

U L B 5070 AlRe EYEASY BHage
DHA 12.5 ugTPF/g-soil-24h, BG 403.1 ugPNP/g-soil-hr,
Pase 1,844.5 ugPNP/g-soil-hr & urease 83.2 ugNH,"/g-
soil-hro|™(Kim et al., 2023), 2FEF 1007 Al59] 3
7 DHA 36 ugTPF/g-soil-24h, BG 483.5 pgPNP/g-
soil-hr, AS 1965.6 ugPNP/g-soil-hr, Pase a 2,607.1 pg PNP/
g-soil-hr 2 urease 138.2 ugNH,"/g-soil-hro] 1 tH(Hong
et al,, 2021). ¥ AFoA F50] FREUS o S8
EJa484Le DDCEY PHAEFoA DHA 607.5
ugTPF/g-soil-24h, BG 100.6 pgPNP/g-soil-hr, Pase 206.3

N

¢

Table 2. Changes in phyco-chemical soil characteristics after mulching barley and aging for 10 weeks

DDC Y]
before after aging before after aging

planting Control P PH planting Control P PH

. 7.0 7.2 7.2 6.7 8.5 8.5 8.3 8.2

soil pH (*0.0) (+0.0) (+0.0) (*0.0) (0.1) (*0.1) (*0.1) (+0.0)
soil EC 36.9 137.4 231.7 366.9 555.0 498.4 523.6 663.4
(uS/cm) (0.1) (+4.0) (*0.3) (+48.1) (+7.0) (+15.8) (+20.2) (+45.7)

organic contents 3.7 3.0 5.1 5.9 33 3.0 4.1 6.1
(%) (+0.8) (£0.8) (20.0) (£0.0) F0.1) (£0.0) (£0.0) (£0.0)

soil bulk density 1.19 1.08 1.17 1.10 1.31 1.23 1.19 1.13
(g/em’) (*0.01) (*0.01) (+0.09) (+0.04) (+0.02) (+0.08) (+0.03) (+0.04)

EC, electrical conductivity; DDC, land farming treated soil; YJ, thermal desorption treated soil
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Table 3. The soil enzyme activities of soil DDC were measured in three different states: raw, after green barley cultivation, and after

mulching and aging for 10 weeks

750} - el o

GE L

pul

DDC
Enzyme activity before Control P PH

planting at harvest aged at harvest aged at harvest aged

DHA 0.8 10.2 129.1 21.5 450.9 98.0 607.5
(e TPF/g-soil) (+0.0) @2.1) (+24.7) *72) (+61.9) (#37.3) (+47.9)
B-Glucosidase 43 73 8.9 22.0 24.2 46.5 100.6
(BG) +2.8) (*0.2) @0.1) *0.7) (+2.8) (£6.0) +2.6)

o jz Oi‘;fg:n%ase 9.8 96 11 126 235 41.1 477
A 1.4) 0.5) 0.3) 2.5) #9.9) (*16.4) @5.7)
Acid phosphatase (“giN hlz/ 14.1 46.2 55.7 73.1 89.5 1143 206.3
(Pase_a) gsoihn) 146 *1.7) (*0.7) (+8.8) (+0.3) (+6.4) (*1.9)
Alkaline phosphatase 70.3 389 45.0 48.7 84.9 1152 269.0
(Pase_alk) #2.3) +27.3) (+9.4) (+3.6) (£24.9) (10.4) +27.6)
Arlysulfatase 1.9 11.0 3.1 14.2 4.8 28.2 37.7
(AS) *03) *2.2) +0.6) (+6.5) (*03) *11.8) (@4.1)

Urease 35 52 8.1 13.1 26.7 20.0 29.5
(ugNH,"/g-soil-hr) (#3.1) (£3.8) (£2.0) (£1.8) (£3.6) *2.7) (+0.7)

Table 4. The soil enzyme activities of soil YJ were measured in three different states: raw, after green barley cultivation, and after

mulching and aging for 10 weeks

YJ
Enzyme activity before Control P PH
planting  at harvest aged at harvest aged at harvest aged
. 3.5 12.0 19.1 18.5 34.1 32.3 127.8
DHA (ngTPF/g-soil) +0.6) @2.1) @3.7) 5.8) (4.7) (9.5) *28.1)
B-Glucosidase 17.3 3.9 11.7 7.6 28.3 38.7 69.0
(BG) (*0.9) @1.1) (+7.0) (#2.5) (+5.2) (6.7) *12.8)
| :Z Ozzi:-‘ﬁ“gase 134 255 1.0 372 10.0 469 535
& NAG) (+0.4) (#9.8) (+0.3) &3.1) *1.7) (+0.8) (+6.9)
Acid phosphatase (iimi ; 71.7 14.1 192 232 51.0 75.1 151.6
(Pase_a) g 3.5) (0.6) @3.1) @1.1) 0.4) @5.1) 2.7)
Alkaline phosphatase 30.8 17.3 204 26.2 90.8 147.5 2233
(Pase_alk) (#18.9) (*1.1) (#4.2) (£3.6) (#0.3) (#7.0) (+20.1)
Arlysulfatase 1.1 13.8 0.7 8.8 1.5 219 36.4
(AS) (+0.4) (#0.8) (#0.0) (#0.8) (#0.2) *0.1) =*1.9)
Urease 4.1 2.4 2.2 8.5 20.6 16.2 35.1
(ugNH,/g-soil-hr) *2.9) @0.1) @1.1) 2.3) @*1.9) @5.5) 4.0)
ugPNP/g-soil-hr & urease 29.5 ugNH,"/g-soil-hro] 13T 3.4. HIEl Ho} 2l SAIS MEL
YIE PHA] 7oA DHA 127.8 ugTPF/g-soil-24h, BG F—ﬂﬂ Edo) o= dES agslal 8Yxt A=A
69.0 ugPNP/g-soil-hr, Pase 151.6 ugPNP/g-soil-hr 2 urease oA ApfshEA] Wols B {AE *ﬂﬂ% FEUHH
35.1 pygNH,/g-soil-hr2, DHAE A|&slae 5 eSS ). )7} SRl A 8K 4182 Fig. 69114

SO AEQHT} e gA4A%AS HATH E3] urease,

Pase a B AS7} 5~108)] ol e He
¢ B g5 B Fo] djlew, 9

Igel]

e s Filske A%
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Fig. 6. Procedure for root length and volume estimation by SmartRoot.
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Fig. 7. Comparison of lentil germination, growth, and root elongation in mulched and aged soils (a) Soil DDC; (b) Soil YJ.

(Eissenstat, 1991).
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o] 3 THFig. 7a). YJ HET EYo|A9] Hol&
o 89%0|%Jar, olol] whl| PalElqs ole 100%= B
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